JUNE, 1959 Price 2/6 > 

















metal treatment a 
and Drop Forging 








40 owt. hammer, John Wilk>s Sons & Mapplebeck Lid 


cut costs with... 


Massey electrically driven pneumatic power hammers are 
available in a range of sizes from | cwt. to 40 cwl. capacity 
They are as powerful and as easily controlled as the best 
steam hammers and will strike definite controllable single 
blows in addition to a wide range of automatic blows 

By virtue of low running and servicing costs these hammers 


show considerable economy in large or small forges 
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Massey designs include: 
Steam and Compressed Air 


Hammers, Pneumatic Power 
Hammers, Friction Drop Hammers, 
Double-acting Steam and Com- 
pressed Air Drop Hammers, Forging 
Presses, Trimmine Presses. Tyre 


Fixing Rolls 


B«S.AEASSEY I opensHAW - MANCHESTER - ENGLAND 


MAKERS OF THE WORLD’S GREATEST RANGE OF FORGING PLANT 
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The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum carburising 
time, fastest production rates and full quality 

control. Write to us for advice on the application 

of gas carburising for your work. 


4 “euceaic 


| WILD 
‘Baxt.0) FOR ALL HEAT TREATMENT PURPOSES 
aS A Backed by 40 years’ specialist experience 
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ELECFURN WORKS ITE AY, WA DB WATI LEPHONI 91 (8 Lines 


we 93 





etal treatment . 
m e 4 june, 1959 
and Drop Forging 


Economy p 


Compactness of furnace layout is matched 
by the amazing density of loading in these 
INCANDESCENT gas carburising furnaces 
Such performance is made possible by two 
special INCANDESCENT features 


Circulating fan which ensures consistent uniformity 
of case depth 


"See 


Jetube heating with its special recirculation system 
which transmits heat to the load 
with maximum speed and efficiency. 


2@e6é 


. 
i dd 
‘s = 





ee 
oe 
- 


« 
- o@ 


Photographs by courtesy of The Ford Motor Co. Ltd. 
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THE INCANDESCENT HEAT CO. LTD 





SMETHWICK * ENGLAND 
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ETHER TRANSITROL 
INDICATING 
TEMPERATURE-CONTROLLERS 


TYPE 990: Two-position (on/off) Controlier 
TYPE 991: Anticipatory Controller 

TYPE 992: Proportioning (stepless) Controller 
TYPE 993: Three-position Controller 

TYPE 994: Programme Controller 

TYPE 995: Proportioning (plus reset) Controller 
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a EFCO ISOTHERMAL QUENCH 


= oe 

“a : & rie Gams 
2 ; i a 

oe , — = for austempering and 
— . 

; & martempering up to 
ry J } < 500°C 


Publication R.18 


at HIGH SPEED STEEL 
Fee FURNACE TWIN CHAMBER 


Preheating up to 

: 1000°C. and harden- 

ing up to 1350C 

, without decarburis- 
ation 

‘i Publication RF.1017 

EFCO-UPTON CONTINUING GRAPHITE 

ELECTRODE SALT BATH 

mete ss Hardening high 

speed steels, alumin- 

ium brazing and all 

> + processes up to 

A = 1300°C. with bath 

free from metallic 


1 oxides. 
-}j ) Publication R.27 


EFCO-LINDBERG CYCLONE 
* FURNACES—GAS OR ELECTRIC 
| for fast and accurate 
| tempering and gen- 
eral heat treatment 
up to 750°C. 
Publication R.17 


EFCO FORCED AIR 
Fai CIRCULATION FURNACES 
a BE <i, For tempering, 
> stress relieving, alu- 
minium alloy heat 
treatment and all 
processes up to 
700°C 
Publication R.2 


























NETHERBY 





mar 2720/n3080 


QUEENS ROAD : WEYBRIDGE 
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EFCO BOX TYPE 
FURNACES 


Box carburising and 


general treatment to ), 


11S0°C 
Publication R.3. 


EFCO ELECTRIC 

SALT BATHS 
Cyanide hardening 
carburising, neutral 
treatment to 1000°C 
Publication R.1 


EFCO SALT BATH FURNACE + 


MIDGET TYPE 


withinterchangeable “T+ 


pots for processes 
from 600 to 1350°C 
for small outputs 
Publication R.16 


EFCO SENTRY FURNACE 


Diamond Block 
method of atmo- 
sphere control for 
high speed steel har- 
dening up to 1350°C 
Vertical or horizon- 
tal. 

Publication R.6 


EFCO VERTICAL MUFFLE 
TYPE FURNACES 

for heat treatment 
of long or slender 


parts 
Spec. Sheet 1729 







TREATMENT 


Ay? 


=. 


Spl Sees 
‘=. IN YOUR 


Ww S% 
TOOL ROOM 
In this age of ever 
increasing productivity, 
od quality control and 
bL& “Eye necessity for reduction 


} of costs, efficiency in 
| your Too! Room is vital. 
EFCO have introduced 

ae in furnaces 
for all processes, 

B May we send you our 
brochures describing 
some of the 
furnaces which can 


modernise your plant. 











ELECTRIC RESISTANCE FURNACE CO LTD 








SURREY 
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HASENCLEVER Foncinc encsses 





A unique feature of these presses 
enables cycle, blow and programme to be preset 
accurately. Push button operated models 

from 150 to 3,000 tons are available for hot 
or cold forging or coining 


PAUL GRANBY & CO.LTD. > 


elephone: A BBEY 5338 Telegrams: POWAFORGE. SOWEST, LONDON Cables: POWAFORGE. LONDO a! 
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When you order or enquire for carburizing 
boxes from Thompson L’Hospied you are not 
left in peace — unless you have given us full 
particulars of the conditions in which they are 
to be used. We produce all our Heat Resisting 
castings from exactly the right alloy, so that 
they'll do a fine job — and do it longer — in even 
the fiercest heat 
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That's where our long experience with the 
Furnace Industry benefits customers they 
use us as an advice bureau - and we like it! 
Our cast Nickel Chrome carburizing boxes 
are in constant use in heat-treatment plants 
throughout the country. Why not ask a rep- 
resentative to call on you? 


L.’Hospied 


Fy 
SI 


2, 5 
“Sisriye © 


A Member of the Incandescent Group 


THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE 


Forging 
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WIN THE BATTLE OF THE BURR BY USING ... 











B. O. MORRIS LTD., MORRISFLEX WORKS, BRITON ROAD, COVENTRY. TELEPHONE 53333 (PBX) 
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For accurate forgings with high production... 





shows one of 
the latest 6” 





) 
. se LAMBERTON 


HORIZONTAL FORGING and 
UPSETTING MACHINES 


Automatic feeder can be 
provided as special attachment. 


EUMUCO (ENGLAND) LTD 





26 FITZROY SQUARE, LONDON, W.1 Telephone: Euston 4651 
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WIN THE BATTLE OF THE BURR BY USING ... 
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B. O. MORRIS LTD., MORRISFLEX WORKS, BRITON ROAD, COVENTRY. TELEPHONE 53333 (PBX) 
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For accurate forgings with high production... 





shows one of 


. Ilse LAMBERTON 


HORIZONTAL FORGING and 
UPSETTING MACHINES 


Automatic feeder can be 
provided as special attachment. 





EUMUCO (ENGLAND) LTD. 


26 FITZROY SQUARE, LONDON, W.1 Telephone: Euston 4651 
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Tri-Mor Plastics 
and Gastables 
make installation 


Easier 
Quicker 
and Cheaper 
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Bustle main of Queen Victoria Blast Furnace showing ‘gunned’ lining in Tri-Mor Dense ‘Guncrete’. 
Inside diameter of shell 5 feet. Thickness of ‘Guncrete’ lining 9 inches). 


Photograph by courtesy of the Appleby-Frodingham Steel ( 


TRI-MOR GRADES 


TRI-MOR Standard Castable 
A medium texture refractory having negligible 
shrinkage up to 1,350 C. Suitable for casting 
special shapes or for monolithic structures 
Limiting service temperature 1,350 C 


TRI-MOR High Strength Castable 

A similar refractory to Tri-Mor Standard Castable, 
but specially developed to have very high mech- 
anical strength over the lower temperature range 
Maximum service temperature 1,250 C. 


TRI-MOR High Temperature Castable 
Suitable for face temiperatures up to 1,600 C; has 
an extremely high tesistance to thermal shock; 
used for cast in situ monolithic structures and for 
pre-cast refractory shapes; can be applied with a 
cement gun 


For further inf rmation write 


NESTON, WIRRAL, CHESHIRE, TEL: NESTON 1406 


Branch of the United Steel Companies Ltd.). 


TRI-MOR High Temperature Mouldable 
A plastic refractory for use up to 1,650°C: low 
shrinkage and a high resistance to spalling 
Supplied mixed to the correct consistency for 
installation 

TRI-MOR Dense ‘Guncrete’ 

A hydraulic setting refractory with a maximum 
service temperature of 1,300°C. It has a high 
resistance to abrasion. Designed for application by 
cement gun, but can be trowelled. 

TRI-MOR Insulating Castable 

An insulating castable for maximum service 
temperatures of 1,200 C; low thermal conductivity 
1S its Main feature 

TRI-MOR Insulating ““Guncrete” 

Similar to Tri-Mor Insulating Castable but for 
application by cement gun. 


Full details of each grade are available on request 





MORGAN REFRACTORIES 
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From I.C.I. AMMONIA— 
Nitrogen and Hydrogen for Industry 


13 


1.C.1. Ammonia provides industry with a cheap and reliable source of pure 
‘ nitrogen and hydrogen. And 1I.C.1. gas generating plants are available 


to convert ammonia into a wide range of nitrogen/hydrogen gas mixtures. 


Anhydrous Ammonia with a guaranteed minimum purity 
of 99.98°,,, to meet more exacting requirements, 


is offered in bulk and in a wide range of cylinder sizes. 


Liquefied Ammonia (/ndustria/ Quality), a cheaper grade, 
is available in bulk and in two-ton containers for the 


larger consumer, and makes possible substantial economies in gas costs. 





A bulk delivery of 10 tons of ammonia 


provides over 12 million cu. ft of nitrogen 


Full information on request. 


Imperial Chemical Industries Ltd., London, 8.W.1. 
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DROP FORGINGS 
for ADVANCED 
PROJECTS 


Gas Turbines, solid or liquid fuel rocket 
motors, or Gas Turbines with a Nuclear Heat 
Source ? 


Whatever the answer Firth-Derihon offer 
unique experience in the manufacture of high quality 
Drop Forgings. 





t 
} 
| A lémm Colour Film with sound com- 
| mentary, entitled “ Drop Forgings in 
Alloy Steels,” is available on request 


YY SHEFFIELD & DARLEY DALE 


THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD 
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made with 


REFRACTORY CONCRETE 


HE ADAPTABLE REFRACTORY .MATERIAIL 


FOR SLUMINOUS- CEMENT 


HEAT-RESISTANT FLOORS & Crushed Firebrick 


OF ALL TYPES WHERE RADIANT HEAT OR SPILLAGE OF 


MOLTEN METAL OR SLAG IS LIKELY TO BE ENCOUNTERED 


READY 
FOR SERVICE 
IN 24 HOURS 


Write for information to the manufacturers of CIMENT FONDU 


LAFARGE ALUMINOUS CEMENT CO. LTD. 1: sroox street, Lonoon, W.1 Telephone MAYair Once 


A? iia 
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> FORGE AHEAD 


with PEART 


INDUCTION 


HEATING 
ip 


* Reduced labour costs 






















* Scale free heating— 
longer die life 





* Immediate start-up— 
shut down 


* Clean work ing conditions 


* Absolute control over the 
heat input to the work 





Peart applications engineers will be 
pleased to carry out tests on your 
materials, without obligation. May we 


be of Service ? 


20Kw twin station automatic 


billet heater. 





INDUCTION HEATING 


E. PEART & CO. (ELECTRONICS) LTD., ONWARD WORKS, MANCHESTER ROAD, HYDE, CHESHIRE 
Tel: Hyde 3545 (4 lines) 
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ALBION MOTORS 
AND G.W.B. 
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One of the oldest manufacturers of commercial motor vehicles in this country, 
Albion Motors keep up to date in their manufacturing methods 


by installing the latest and most efficient equipment available. 


An example is the electrically heated Pusher Furnace supplied 


by G.W.B. Furnaces Limited. 





APPLICATION Various forgings such as main 
shafts, countershafts, pinion shafts and gear blanks 
are normalised by heating up to 900 C. and slow 
cooled down to 400 500 ¢ 


AUTOMATIC OPERATION The only labour 
required is for placing the components into the 
charge trays at the entrance end of the furnace. By 
pressing a button, the following cycle automatically 
takes place. (1) The entrance door rises. (2) The 
pusher ram propels the loaded tray into the fur- 
nace. (3) The ram returns. (4) Entrance door 
lowers. (5) Exit door risvs. (6) Hydraulically oper- 
ated go-getter pulls last tray from exit end of 
furnace on to a cross conveyor. The cross conveyor 
moves the normalised parts to the top of an 
inclined roller track where the tray is unloaded by 
a tipper, and then returns empty to the entrance 
end of the furnace 


Overall view from charging end of 145 kw Pusher Type Normalising ‘ 
Furnace at Albion Motors Limited OUTPUT 600 Ibs. of normalised forgings per hour. 


Gup G.W.B. FURNACES LTD. 


P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS. Telephone: Dudley 55455 (9 lines) 
Associated with Gibbons Bros. Ltd. and Wild-Barfield Electric Furnaces Ltd. Gwe2is 
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Heat treatment furnaces 
with special features 
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‘‘Fulload”’ 


furnaces 





Photo by courtesy of 


offer Messrs. Lloyds (Burton) Limited 
e * * 





Maximum efficiency with minimum fuel consumption. The 
unique exhaust flue arrangement in the bogie hearth ensures 
speedy heating of the load, constant temperature in the 
furnace and the elimination of cold areas in the heating zone. 
We supply furnaces for all purposes and all fuels, batch type 


or continuous. 
For further particulars 


ask for leaflet 47 


fee) MODERN FURNACES fine 
BES Sa a 


BOOTH STREET, BIRMINGHAM 21. phone: SMEthwick 1591-2 grams: Mofustolim, B'ham 21 
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CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


223 Vive La France! 


225 Application of electron microscopy 
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231 Automation in forging 
SQN. LDR. S. C. WINFIELD-SMITH, D.S.O. 


237 Beryllium 


243 Television in industry 
F. D. GRIMMER 


246 Non-ferrous metals research 


252 New controlled atmosphere furnace 


We regret that owing to difficulties in the printing trade the 
number of pages in this month’s issue have been reduced, and 
certain sections have had to be postponed. 
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| STEEL ROLLS 


| Forged and cast steel Work Rolls, FOR BLOOMING MILLS 
Composite Back-up Rolls, and cast COGGING MILLS 
steel Back-up Rolls in carbon or 

| PLATE MILLS 


alloy steels to suit the particular 


i applications and service conditions. 


| 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD 
ENGLISH STEEL CASTINGS CORPORATION LTD 


wholly owned subsidiaries of English Steel Corporation Lid. Sheffield 
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Vive La France! 


to the Syndicat National de l’Estampage et de la Forge for their extremely kind 

invitation which enabled us to attend the 3rd International Drop Forging Con- 
vention in Paris, and nostalgia for a wonderful week of hospitality and entertainment in 
that most beautiful of European capitals. 


The entire convention was a model of its kind, everything had been thought of and every- 
thing was there, at the right place and at the right time. Technical sessions, works 
visits, sightseeing tours and entertainments all bore the stamp of careful planning and 
organization, together with that indefinable aura of civilized good taste which is essentially 
French—in fact is France’s unique contribution to the Western way of life. 


Most vivid in memory for all those whe took part in this Convention will surely be the 
closing function which took place at the magnificent Chateau of Chantilly, about one 
hour’s journey north of Paris itself. It may sound odd to report that dinner was served 
in the stables; that this was in fact the case simply underlines the magnificence of this 
ancient stronghold which, like many other pieces of property formerly belonging to the 
royal and noble families of France, has now passed into the public domain. A guard of 
honour was provided by men of the Moroccan regiment of Spahis, wearing their national 
costume of flowing, colourful garments and armed with swords; and at the conclusion of 
the dinner, when night had fallen, they exchanged these weapons for ‘ flambeaux,’ to 
light the guests on their way. Not content with this, our French hosts also provided 
traditional music to go with a traditional repast, hunting horns which were sounded in 
the time-honoured fashion when the roast boar was served. The trumpeters were 
stationed in a circular gallery high up in the roof, and the sound of their music, the call 
and the answer, ringing and echoing around the ancient stone walls is one which will 
remain with us for a long time! 


Time and other considerations do not permit of a full report of the Convention appearing 
in this issue, but we hope to be able to make good this omission shortly. Meanwhile 
suffice it to say that the city of Paris favoured us with excellent weather, the entire week 
was most enjoyable, and that even the staff of the ‘ Metro’ (a quick and cheap way of 
getting around when you know how) were considerate enough to postpone their 24-hour 
strike until the following week! 


():: principal sentiments this month are those of gratitude and nostalgia ; gratitude 


Dawning light? 


In July, 1958, we made it pretty plain in these pages that we took a very poor view indeed 
of the fact that in the International Steelmaking Conference held at Liege the previous 
month not one of the papers dealing with the new oxygen-using processes came from 
a British author. This apparently stung our contemporary, The British Steelmaker, 
into a spirited defence of the steel industry. Pointing out, quite correctly, that the new 
oxygen techniques have been developed primarily as variations of the basic-Bessemer 
process, and that this process is in general more suited to conditions on the Continent 
than here, it concluded—‘ There is therefore just about as much sense in mewling over 
the absence of British papers in this field as there would be in deploring that seedless 
Jaffa oranges were not developed by the crofters of Rhum, Eigg and Muck.’ 


In saying this The British Steelmaker was partly right, but was not telling quite the whole 
story. Because equally one would not expect to find the crofters of Rhum, Eigg and 
Muck queueing up to board aircraft to visit Israel’s sunny shores where the seedless 
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Jaffa oranges grow. But, on the other hand, we very much doubt whether there is now 
a single major British steelworks which has not at one time or another sent a man or 
a team of men to report on one or other aspect of these new continental oxygen processes. 
The somewhat smug attitude of ‘——— you Jack, I’m all right’ is not justified by the 
present situation; nor does it enhance the reputation of a responsible periodical. 


However, let us give credit where credit is due. The leading article in this month’s 
British Steelmaker, which is headed ‘ Go and do thou likewise,’ marks, we feel, a distinct 
advance. Discussing the extended use of oxygen the leader finally says .. . . ‘ But much 
more needs to be done. Incentive is not lacking now, and the British steel industry has 
the men and the means to match the recent achievements of the Continent ’—which is 
rather a change from previous pontifications which seemed to imply that in the steel 
industry everything was technically for the best in the best of all technical worlds. 


Where we would, however, part company is regarding the implied suggestion that all 
that is really needed is the application of oxygen to the open-hearth furnace rather than 
the adoption of oxygen-conversion techniques. Commenting on the paper presented 
by Dr. T. P. Colclough at the recent meeting of the Iron and Steel Institute the leader 
concludes that—‘ the moral for open-hearth steelmakers is clear, use oxygen to obtain 
the advantages of the new processes without losing the priceless qualities of adaptability 
and control.’ Unfortunately this is a gross and dangerous over-simplification, the prob- 
lems of the British steel industry cannot by any means be cured by the comparatively 
simple recipe of popping oxygen into existing open-hearths. If this were indeed so it is 
quite certain that a great deal more oxygen would be used than is the case at present. 


The real problem is one of available raw materials and economic productivity for which 
there is no simple or straightforward ‘ nostrum,’ but we salute The British Steelmaker 
for at last recognizing that a problem exists. 


Supervisors and foremen 


In October/November of last year, Mr. H. A. C. Tracey, general secretary of the Institute 
of Industrial Supervisors, visited the United States and studied the methods of American 
supervisors in industry. Mr. Tracey has reported his findings in his book ‘ Further 
Along the Road’ which has just been issued by the Institute and the Birmingham 
Productivity Association. 


In his conclusions, Mr. Tracey says, that the features which impressed him most were 
not the differences but the similarities in the problems involved and in the activities 
undertaken to help the supervisor to resolve these problems. Certainly the American 
foreman has more encouragement to join a management club, but the practice of the 
best British companies does not lag behind the best American practice in this respect. 
More is being done in America by more people. The idea that foremen and supervisors 
need training and should play an active part in an organization of their own has had 
more years in which to become accepted and practised. 


This does not mean that the American foreman is better than the British foreman— 
both are products of their industrial and national environments. It does mean that 
British industry should examine closely its plans for developing supervisors and should 
reconsider any help which it gives to local foremen’s associations. Last, and by no 
means least, it does mean that British industry should consider what further help, direct 
or indirect, it might well give to the overall stimulation of improved standards of super- 
visory management in the United Kingdom through such agencies as the Institute of 
Industrial Supervisors. 
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Application of electron microscopy 


Morphology of a brittle structural component in resistance-welded mild steel 


D. and I. HRIVNAK 


In last month’s issue, the authors described a study of the phase analysis of 


resistance-welded joints in carbon steels. 


The present article, translated from the 


original which appeared in ‘ Hutnické Listy,’ 1958, XIII, No. 6, deals with the 
morphology of a brittle structural component which often arises as a result of 


resistance-welding mild steel. 


This is the fourth of a series of articles illustrating 


the role of the electron microscope in specific metallurgical investigations 


RESISTANCE WELDING is characterized by the fact 
that the process of forming the metallic joint takes 
place in an extremely short space of time, normally 
less than a second. The study of the influence of 
the rapid heating and cooling on the structural 
changes in welded steels is extremely fascinating. 
At heating rates which exceed 1,000°C./sec., and 
cooling rates which are very frequently no less 
high, there occur various skeleton and incomplete 
transformations which it is quite impossible to 
bring about by any other intentional methods of 
heat treatment. Attention should also be drawn 
to the parallel influence of rapid induction heating, 
which is, however, more gradual by comparison. 

A phase analysis of resistance-welded joints in 
unalloyed and low-alloy carbon steels was presented 
in another work,' and a similar study of the mor- 
phology of incomplete «-»y->x transformations 
was described earlier by one of the authors’ of 
this present work concerned with the morphology 
of a brittle structural component which often arises 
as a result of resistance welding. In low-carbon 
ferrito-pearlitic steel the heat-affected zone which 
is subjected to temperatures in the A,-A, range is 
characterized by the presence of retransformed 
pearlite.'-* Owing to the short period of austeniti- 
zation, and also as a result of the high rate of 
cooling, the phenomenon may arise that the centre 
of the fusion zone, which prior to welding had 
been partly pearlitic, becomes hardened by the 
temperature sequences, while its border becomes 
pearlitic, and the surrounding base metal remains 
unchanged, i.e. ferritic. In the following work a 
study is presented of phase changes within the 


A,-A, range of temperatures, on the basis of optical 
and electron microscopy research. 


Experimental procedure 

In this study of the morphology of the brittle 
structural component use was made of both of 
resistance-welded butt joints made on a welding 
press, and also of seam-welded scarfed joints. The 
material used for the experiments was unalloyed, 
mild steel with a content of 0-1 to 0-15%C. 

The welding parameters will not be taken into 
consideration, since the work which is presented is 
in fact restricted to a study of the morphology of 
the structures occurring within the narrow heat- 
affected zone, where the prevailing rate of heating 
is greater than 1,000°C./sec., and the cooling rate 
is no lower by comparison. 

All the specimens were prepared electrolytically 
for optical and electron microscopy in a solution of 
the type HC1O,+CH,COOH+H,O at normal 
current densities of 30 to 40 a./dm.* and a voltage 
of 30 V. The specimens were polished in 2°, 
HNO, in ethylalcohol for both methods of analysis. 
In order to identify the microstructure, the Hanne- 
man system was used to measure the micro- 
hardness at a load of 50 g. on a Zeiss-Neophot 
microscope. Electron microscope investigation was 
carried out on negative collodion prints, shadowed 
in vacuo with a thin layer of chrome at an angle of 
8 to 12 deg. And although the highest degree of 
resolution obtainable by this method did aot 
amount to as much as 100 A., it had to be used 
because the brittle component of the retransformed 
pearlite was in fact situated within an extremely 
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2 Retransformed pearlite—later stage 


restricted heat-affected zone which could not be 
isolated. 


Retransformed pearlite 


As has already been pointed out, in the zone 
affected by the A,-A, range of temperatures aus- 
tenitization of the pearlite takes place in the 
ferrito-pearlitic complex structure, and diffusion of 
carbon occurs into the surrounding ferrite which 
has not yet been transformed. Under the influence 
of this diffusion austenitization of the bordering 
zones of ferrite commences. During the rapid 
cooling there is insufficient time for the retrans- 
formation process to be completed, and out of the 
former pearlite of the centre of the fusion zone 
there is dissemination of micro-colonies of pearlitic 
network structures (they may in fact be identified 
by means of electron microscopy), and the original 
orientations of the grain acquire a new form. An 
example of such a zone is given in figs. 1 and 2— 
the zone has been affected by a high temperature. 

During resistance welding it is necessary to 
assume that the temperature gradient over the 
whole of the heat-affected zone is continuous. 
Therefore, the temperature affecting the zone 
shown in fig. 1 will rise gradually from the left- 
hand side to the right. Whereas, the retransformed 
pearlite and the surrounding ferritic grain in the 
left half of the micrograph have preserved their 
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original orientation, from the centre of the micro- 
graph towards the right-hand side the orientation 
changes abruptly. Around the retransformed 
pearlite there may be seen a network of fine ferritic 
grains; during a later stage in the period when 
they are affected by heating at a high temperature, 
there is transformation of these grains into retrans- 
formed pearlite (fig. 2). It is clear that the process 
of disintegration of the ferritic grains is very closely 
connected with the preferential diffusion of carbon 
in these directions, as has already been shown by 
electromicroscopy.' 

As we put forward the hypothesis that at no 
point in fig. 1 has austenitization of the intimately 
included ferrite taken place, what then are we to 
regard as the reason why at the T, temperature, 
which applies to the left-hand side of the line A—A, 
where T,—T, ~ 1, this breakdown has been indenti- 

1 
fied ? Is the temperature T, (A,< T,< T,) some sort 
of clearly defined temperature at which the carbon 
diffusion is fundamentally greater, or is this 
dependent on highly dynamic pulses of energy 
release, or is it the recrystallization temperature for 
this material ? The recrystallization temperature is, 
however, lower than the A, temperature, and on 
the contrary recrystallization has taken place even 
on the left-hand side of the specimen. It is 
apparent that little is known about the mechanism 
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of the pearlitic transformation of sub-eutectoid 
steels to explain this and the many other phe- 
nomena which have been referred to. 

In fig. 2 a further stage in the development of 
the retransformed pearlite is shown. And even 
though the pearlitic grains have not yet acquired 
their eutectoid composition, their structure is 
clearly pearlitic with extremely small interlamellar 
distances. This doubtless applies where the heating 
rate is high, but the cooling rate is relatively lower. 
But where the cooling rate is likewise high, the 
circumstance may also frequently occur that only 
the boundary zones of the pearlitic complex 
undergo the pearlitic retransformation; as a result 
the centre of the fusion zone will have the character 
of a disintegration phase consisting of ferrite 
saturated with carbon, with either a normal or a 
Widmanstatten orientation. 

If the cooling rate is even higher, this central 
zone is neither pearlitic, nor does it consist of a 
disintegration phase, nor is it even martensitic. It 
may be made up of fine formations, sometimes 
with a lamellar orientation, in which disperse car- 
bide particles predominate. Such a structure, 
which has formed not as a result of an isothermal 
transformation, but as the product of continual 
cooling, could not be compared with the disinte- 
gration product, heterogeneous martensite. The 
microhardness of this component reaches about 
450 HV». The last stage of the retransformation 
of the former pearlite of the fusion zone at an even 
higher cooling rate is martensite, either with no 
surface relief (without texture) or with a slight 
degree of surface relief (with a fine texture). This 
is the brittle structural component in the overall 
phase analysis, the morphology of which was 
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studied with very great care. 

It must at once be recorded that this so-called 
brittle structural component is more frequently 
formed either through rapid precipitation or in 
zones which are affected by temperatures only 
slightly above the A, point, that is to say, in those 
areas where carbon diffusion into the surrounding 
ferrite has not yet become so intense that it has 
radically lowered the concentration of carbon in 
the central pearlitic zone. The morphology of this 
zone is illustrated by further micrographs (figs. 3 
and 4). As may be seen, the central zone consisting 
of these brittle components has no texture, and in 
certain instances (fig. 4) further formations are 
precipitated with a higher carbon concentration 
and a somewhat higher hardness. As is evident 
from the indentations on the latter specimen, the 
microhardness of the brittle components was 
measured, and the hardness values were approxi- 
mately 1,250 HV,, for the components without 
texture and 1,000 HV,, for the components with a 
fine texture. These hard central zones are bor- 
dered by a narrow zone of a disintegration phase, 
which is sufficiently sharply bounded, and in addi- 
tion fine lamellae of cementite are clearly to be 
found in fig. 4. 

On the basis of electron microscope analysis it 
may be judged that the boundary of the disperse 
cementite lamellae which surround the brittle com- 
ponent is the boundary of the carbon diffusion into 
the ferrite, and on the other hand the boundary 
between the disintegration phase and the brittle 
central zone is the boundary from which carbon 
was diffused. Study by means of electron micro- 
scopy explained the morphology of the two variants 
of the brittle component and of its transition into 
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the surrounding ferr.te: that without texture and 
that with a fine texture. 


Morphology of the brittle structural 
component 

First of all, an interpretation will be given of the 
brittle component with a fine texture. The tran- 
sition zone between this structure and the ferritic 
border is shown in fig. 5. The left side of the 
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micrograph shows the morphology of the boundary 
zones of the brittle component with finely pre- 
cipitated carbides on the boundary with a lamellar 
tendency. 

The transition from the brittle structure into the 
ferrite is extremely interesting. While the boundary 
between the brittle component and the disintegra- 
tion phase is extremely abrupt, the lamellar cemen- 
tite formations pass gradually and evenly into the 
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ferrite on the right-hand side of the micrograph. 
Thus, as the carbon concentration falls from the 
boundary with the brittle component in the 
direction of the super-saturated ferrite, so there is 
a corresponding growth in the interatomic distance 
of the pearlite. There can be no question but that 
the very fine pearlite in the vicinity of the abrupt 
change in concentration has a pseudo-eutectic 
composition. 

In addition since the measurement of the inter- 
lamellar distance is of the order of 500 A., according 
to Mehl* we may determine the corresponding 
temperature of formation as below 500°C. To 
what extent this assessment is accurate is impossible 
to guess, since Mehl, in determining the relation- 
ship between the interlamellar distance and tem- 
perature, made use of the isothermal breakdown of 
austenite, whereas in the instance under review it 
is a question of breakdown during continuous 
cooling; but at least one thing may be summarized, 
namely, that the transformation temperature of this 
pearlite was extremely low. And it is likewise 
certain that under otherwise constant conditions 
the interlamellar distance grows with the fall in 
the carbon concentration. Very disperse pearlite 
changes gradually and evenly into ferrite on the 
right-hand side of the specimen. 

How may the fact be explained that the transition 
from the very fine pearlite into the brittle com- 
ponent (martensite with a fine texture) is abrupt, 
without a gradual and even fall in concentration ? 
It is true that not only here, but in other instances 
also, we frequently come across the fact that, 
either under otherwise similar conditions of the 
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thermal factor, and during an even and gradual 
drop in concentration, or where the concentration 
remains constant and there is an even and con- 
tinuous change in the thermal factor, sharp struc- 
tural boundaries occur between the transformation 
products. 

Apart from this, fig. 1, in which this problem is 
clearly formulated, brings to mind the following 
instances. From previous information concerning 
the course of the transformation into pearlite-+ 
martensite it follows that pearlite is formed at 
appreciably higher temperatures than martensite, 
and its formation is clearly indicated by nucleation 
and growth. Therefore, if it were a matter of 
heterogeneous austenite, the nucleation rate would 
be great, and at an intense cooling rate the main 
growth would cease at a certain concentration and 
temperature at which the diffusionless transforma- 
tion became the preferential reaction. This would 
be evidence of the fact that these transformations 
are precisely limited by energy functions and 
probably quantized. 

Fig. 6 illustrates just such an instance. It is an 
example of a brittle component with a fine texture, 
in which at some points are precipitated lamellar 
carbide formations. The transition into the sur- 
rounding ferritic zone is similar: first of all without 
a gradual and even change we have fine pearlite, 
which in this instance passes over into disinte- 
gration phases and ferrite supersaturated with 
carbon. On the other hand, the detail of the 
internal orientation of the brittle structural com- 
ponent with a fine martensitic texture under very 
high magnifications is illustrated in fig. 7. In the 
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the surrounding ferrite: that without texture and 
that with a fine texture. 


Morphology of the brittle structural 
component 

First of all, an interpretation will be given of the 
brittle component with a fine texture. The tran- 
sition zone between this structure and the ferritic 
border is shown in fig. 5. The left side of the 
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micrograph shows the morphology of the boundary 
zones of the brittle component with finely pre- 
cipitated carbides on the boundary with a lamellar 
tendency. 

The transition from the brittle structure into the 
ferrite is extremely interesting. While the boundary 
between the brittle component and the disintegra- 
tion phase is extremely abrupt, the lamellar cemen- 
tite formations pass gradually and evenly into the 
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ferrite on the right-hand side of the micrograph. 
Thus, as the carbon concentration falls from the 
boundary with the brittle component in the 
direction of the super-saturated ferrite, so there is 
a corresponding growth in the interatomic distance 
of the pearlite. There can be no question but that 
the very fine pearlite in the vicinity of the abrupt 
change in concentration has a pseudo-eutectic 
composition. 

In addition since the measurement of the inter- 
lamellar distance is of the order of 500 A., according 
to Mehl*® we may determine the corresponding 
temperature of formation as below 500°C. To 
what extent this assessment is accurate is impossible 
to guess, since Mehl, in determining the relation- 
ship between the interlamellar distance and tem- 
perature, made use of the isothermal breakdown of 
austenite, whereas in the instance under review it 
is a question of breakdown during continuous 
cooling; but at least one thing may be summarized, 
namely, that the transformation temperature of this 
pearlite was extremely low. And it is likewise 
certain that under otherwise constant conditions 
the interlamellar distance grows with the fall in 
the carbon concentration. Very disperse pearlite 
changes gradually and evenly into ferrite on the 
right-hand side of the specimen. 

How may the fact be explained that the transition 
from the very fine pearlite into the brittle com- 
ponent (martensite with a fine texture) is abrupt, 
without a gradual and even fall in concentration ? 
It is true that not only here, but in other instances 
also, we frequently come across the fact that, 
either under otherwise similar conditions of the 
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thermal factor, and during an even and gradual 
drop in concentration, or where the concentration 
remains constant and there is an even and con- 
tinuous change in the thermal factor, sharp struc- 
tural boundaries occur between the transformation 
products. 

Apart from this, fig. 1, in which this problem is 
clearly formulated, brings to mind the following 
instances. From previous information concerning 
the course of the transformation into pearlite+ 
martensite it follows that pearlite is formed at 
appreciably higher temperatures than martensite, 
and its formation is clearly indicated by nucleation 
and growth. Therefore, if it were a matter of 
heterogeneous austenite, the nucleation rate would 
be great, and at an intense cooling rate the main 
growth would cease at a certain concentration and 
temperature at which the diffusionless transforma- 
tion became the preferential reaction. This would 
be evidence of the fact that these transformations 
are precisely limited by energy functions and 
probably quantized. 

Fig. 6 illustrates just such an instance. It is an 
example of a brittle component with a fine texture, 
in which at some points are precipitated lamellar 
carbide formations. The transition into the sur- 
rounding ferritic zone is similar: first of all without 
a gradual and even change we have fine pearlite, 
which in this instance passes over into disinte- 
gration phases and ferrite supersaturated with 
carbon. On the other hand, the detail of the 
internal orientation of the brittle structural com- 
ponent with a fine martensitic texture under very 
high magnifications is illustrated in fig. 7. In the 
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11 Non-lamellar cementite with 
substructure 13,000 


basic matrix are visible finely dispersed carbides 
which at some points form peltate complex struc- 
tures. Apart from these, there are also to be seen 
larger peltate carbides which stand out prominently 
against the basic matrix. 


The brittle components without texture have a 
dual orientation. Fig. 8 typifies these components 
with a high microhardness of about 1,300 HV,». 
As may in fact be seen at these high magnifications, 
the surface is shown to be smooth without any 
special morphological characteristics. Once again 
there is an abrupt transition into a very fine 
pearlitic phase, which passes more or less gradually 


into the ferritic surround. The other example of 


the brittle component without texture is remark- 
able. Such a transition is shown in fig. 9. Whereas 
the right-hand side of the micrograph is typified by 
ferrite with a close-packed structure, the transition 
into the zone of the brittle component is marked 
by similar disintegration phases to those in the 
preceding instances. In this instance, however, 
the brittle component without texture has its own 
morphology! If we make a more careful examina- 
tion of the bottom left-hand part of fig. 9, a lattice 
substructure may be seen even at a distinct distance 
from the boundary. What does this substructure 
mean ? 

Let us examine fig. 10. This does not even 
show the zone of retransformed pearlite, but the 
zone affected by temperatures around, but below, 
the A, point. The pearlite in this hyper-cutectoid 
low-carbon steel was precipitated in fully developed 
lamellar formations. As a result of the effect of 
temperature cementite lamellae started to form, 
but on cooling did not crystallize as lamellae. The 
ferritic panel alone has preserved its lamellar form 
intact (fig. 11). On the other hand, this non- 
lamellar cementite once again has a crystalline 
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substructure. This substructure is even more clearly 
to be seen from fig. 11. 


In connection with this phenomenon it should 
be pointed out that the authors observed a similar 
substructure in the x-phase in 16 Cr-13 Ni austenitic 
steel! which, as Malik‘ has shown by X-ray 
analysis, conforms to orthorhombic lattice para- 
meters. The same distinct substructure has also 
been revealed by the authors in carbides of 
1-19°., C, 124°, Cr steel, probably of the type 
Fe, Cr),C, which can likewise crystallize in the 
orthorhombic system. On the other hand, cemen- 
tite, Fe,C, also possesses orthorhombic lattice 
parameters. 

The conclusion to be drawn from this would 
seem to be the very plausible possibility that the 
crystalline substructure which has been men- 
tioned, and which in many instances has fully 
developed hexagonal formations, be they perfect 
or imperfect, is characteristic of crystallization in 
the orthorhombic system. How then should one 
explain the fact that after several months’ storage 
at normal temperature, in common with other 
physical properties, the morphology of the «-phase 
also changed so that the crystalline substructure 
became imperceptible? On the other hand, in 
hyper-eutectoid steel the crystalline substructure 
has been identified after a different heat treatment. 
Since cementite crystallizes in the orthorhombic 
system, why then is the crystalline substructure to 
be found in the non-lamellar cementite which had 
its origin as a result of a rapid transformation, i.e. 
by heating and cooling? Does this substructure 
perhaps reveal some sort of transition state in the 
growth (formation) of these components, i.e. some 
sort of metastability of the concentration, or some 
combination of the solidifying elements, which 

continued on page 236 
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Automation in forging 


SQN. LDR. S. C. WINFIELD-SMITH, D.S.O. 


The following article is based on a lecture given by the author at Dudley Techmcal 
College, December 11, 1958. Sqn. Ldr. Winfield-~Smith discusses the development 
of some of the Eumuco automatic forging equipment 


COMPARED WITH STRETCHING (FULLERING) under an 
air hammer, the use of stretching rolls shows a con- 
siderable increase in output, and work on a stretch- 
ing roll can be adjusted to the die forging operation. 
But the output of the stretching roll as known in 
this country is limited by manual loading. Auto- 
matic loading for a standard stretching roll would 
be very complicated, as the component must be 
reciprocated in the rolling direction and further- 
more moved horizontally from impression to 
impression, being rotated at the same time. The 
clamping and unclamping of the component must 
be added, as well as the bringing back of the feed 
mechanism to the initial position. All these con- 
siderations compelled Eumuco to look for a com- 
pletely different design of stretching roll in their 
solution for the automation of this type of machine. 


Multi-roller stretching machine 

In the case of the new design the rolling segments 
are not arranged side by side, but in pairs behind 
one another offset at 90 deg. The number of the 
pairs of rollers must correspond to that of the 
passes required. A guide trough as shown in 


Fig. 2 is situated between the pairs of the rollers 





and is adapted to the appropriate diameter of the 
initial material. In the case of the automatic 
stretching roll shown here there is only one direction 
of transport, namely the rolling direction. Trans- 
port is effected with a feed carriage which has 
a swivelling feed finger to push through the rolls. 
The carriage is driven by a small electric motor 
through a friction drive, so that differences in the 
feed speed of the carriage and the rolling speed are 
automatically compensated. 

Every pair of rollers is arranged as a self-contained 
unit and has its own drive through a common 
shaft on to which the clutch and the brake are 
fitted. These units are mounted on a frame and 
can be moved along the frame to comply with the 
length of the component to be rolled. 

The components are automatically fed from the 
heating plant to the roll. The most suitab)< neatirs 
appliance in this instance is an inductive heating 
plant. After the component has been loaded the 
movement of the feed carriage is started at the 
moment when the component comes up against the 
stop of the first pair of rollers. 

As the clutch is mounted on the common shaft 
all rolls make a revolution simultaneously. During 


1 New design Eumuco multi-roller 
stretching machine 
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the rolling operation the carriage follows the 
component driven by the friction drive. After the 
first pass has been completed, the feed carriage 
moves the component forward until it runs against 
the stop of the second pair of rolls and the roll is 
started again. The above process is repeated at 
every pair of rolls until the component is finished. 

The rollers are started by adjustable contacts on 
the slideways of the feed carriage; the slideway of 





2 A guide trough is situated between the pairs of rollers 
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the feed carriage can be arranged in such a way 
that the component can be transported to the tools 
of the following machine, either a press or hammer, 
for further operations, after which the feed carriage 
returns to its initial position, where it picks up 
a new billet from the heater. It is quite possible 
to feed the roll with a constant supply of billets 
so that practically a component is in every pair of 
rolls and that a finished component leaves the 
machine at every revolution. This, however, is 
only possible if the subsequent hammer or press 
can handle this amount of components. 

The supply of two or more hammers or presses 
can be made possible, however, by using a chute 
in the form of a Y with a trip on the Y so that the 
rolled billet can be switched from one leg of the 
Y to the other automatically. 

The side view of the machine shows the drive of 
the two roller shafts through a pair of gears. The 
transmission through the common drive shaft is 
effected through a pair of bevel gears. The upper 
roll is carried on an eccentric bush and can be 
adjusted by rotating this bush. In the same way 
with the gear wheel on the upper gear the play can 
be adjusted. 

If the components are long enough to be gripped 
by the next pair of rollers when leaving the previous 
one, the special feed arrangement is not necessary 
and the roll can run constantly, which would 
increase the output still more. A roll on which 
billet diameters of approximately 1-8 sq. in. can 
be pre-rolled, for example, is shown in Fig. 3. 
In the case of three passes this would have an 
output of 12—20 pieces per minute, giving a cycle 
time of 3—5 sec. 

When rolling motor-car connecting rods, bicycle 
cranks, etc., an automatic cropping machine is in 
use which crops off the bars to the right length; the 
billets then automatically pass to a V-shaped 
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3 Schematic diagram of 
method of operation of the 
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hopper. By means of a big magnetic wheel, where 
the magnets are in sections, the billets are picked 
up and when they get to the top they fall out and 
are fed into an induction heater. When this is 
full it automatically stops the wheel, which waits 
until the billets have been passed through the 
heater to the automatic roll-forging machine. They 
then pass to the press or hammer where they go 
through the next operation, then to the clipping 
press where they are trimmed and straightened. 

The labour used on these machines is one 
labourer feeding bars to the cropping machine, 
one skilled man on the press, and a semi-skilled 
man on the clipping press giving an output of 
connecting rods or bicycle cranks of two every 
10 sec. 


Horizontal forging machines with automatic 
feeds 


Fig. 4 shows a horizontal forging machine with 
automatic workpiece feed by means of revolving 
plate. The machine has been developed for finish- 
pressing and trimming valves for car engines. 
Four pressing dies have been accommodated in 
a vertical revolving plate. Pressing punch and 
trimming punch are mounted on the pressing slide. 
The revolving plate is moved by a Geneva motion, 
the drive of which is derived from the transmission 
shaft of the machine. 

The valve stock with the heated end is brought 
to the first pressing die with the aid of a loading 
device. During the work stroke the pressing 
ram pushes the stock into the pressing die. After 
each work stroke during the return motion of the 
pressing slide the revolving plate is rotated through 
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one division. During the next stroke the valve is 
pressed, during the third stroke de-burred and 
ejected. After trimming, the valve drops into 
a container. Using this method approximately 40 
valves can be pressed in a minute which corresponds 
to a cycle time of 1-5 sec. 

The vertical position of the revolving plate was 


4 aBove Horizontal forging machine 
with automatic revolving plate 


workpiece feed 


5 wert Forging machine with hori- 
zontal clamping jaws and feed 
attachment 
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6 Run of bars through the forging machine shown in Fig. 5 


selected because it makes possible a simple and’ 


reliable feed for the pressing tools or punches. 
The machine works in continuous operation, but 
can be switched over to individual strokes at any 
time with the aid of an electro-pneumatically 
controlled friction clutch. The machine is auto- 
matically stopped as soon as no new stock is fed to it. 

The machine has been designed to give a tolerance 
of -0l mm. on the valve head. Therefore, as in 
the case of similar machines, with automatic 
operations a great deal of importance has been 
attached to efficient cooling, cleaning and lubrication 
of the impressions and as simple as possible 
mounting and dismantling of tools. 

In the case of a forging machine with horizontal 
clamping jaws, when it was redesigned some years 
ago, the clamping jaws were closed through a toggle 
lever system. The two lateral grippers form a part 
of it. In the case of this design the clamping jaws 
of the machine are completely free and the upsetting 
punches are freely accessible from both sides of 
the machine. These features of the design are 
admirably suited for automation of the horizontal 
forging machine. Dies and punches can be 
changed in 10 min. 

Fig. 5 shows a forging machine with horizontal 
clamping jaws to which a feed attachment has 
been built. It is mainly used for upsetting bars of 
a limited length, for example, motor car half shafts, 
torsion bars, valve push-rods, set bolts, etc. 

A bracket-type slide moves horizontally and 
vertically in front of the clamping jaws and carries 
a clamping bar which has semi-circular recesses. 
These recesses correspond to the bar diameter and 
their division to the division of the tools. The 
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clamping plate is lifted with the aid of a wedge 
bar and the bars are clamped between the notched 
clamping bar and an upper smooth clamping plate. 
The slide is moved from one impression to another 
with the aid of a lever shaft driven by a cam disc 
mounted on the camshaft. The wedge bar is 
driven in the same way; the only difference is that 
its stroke round the clamping travel is larger. 
The clamping of the bars and the movement from 
impression to impression is positive. They are 
lifted from the impression by means of an air 
cushion which lifts the whole clamping stirrup 
upwards when the clamping impression opens. 
Then the top part of the clamping jaw descends, 
the clamping stirrup is pressed down and the 
bars are inserted in the impression. 

The run of the bars through the machine is seen 
best if the movement of an individual bar is fol- 
lowed (see Fig. 6). The bar is placed automatically 
from the heating plant to the locating position in 
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7 Bicycle hubs made on forging machine shown in Fig. 5 
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8 Method of operating revolving plate shown in Fig. 4 


front of the clamping jaws of the machine. Then 
the lower clamping bar moves upwards and locks it. 
While this is done the clamping jaws are still closed. 
As soon as they open, the clamping stirrup with 
the bar moves upwards and subsequently to the 
left. This brings the bar above the next impression. 
When the clamping jaws close, the clamping 
stirrup with the bar is pressed downwards and the 
bar is inserted in the impression in the lower 
clamping jaw. After the clamping jaws have been 
closed, the usual upsetting operation is effected 
during which the clamping arrangement opens, the 
clamping stirrup moves freely backward, all bars 
remain in their positions, and the above process is 
repeated. Should long bars be machined, the 
feeding device works in the same way, only the 
clamping stirrup is then open to the operating side 
of the machine and closed to the upsetting side. 
With the aid of such mechanical feeding device 
every stroke of the machine can be used so that 
a finished component is ejected each time. In 
many cases the machine will be fed every second 
stroke so that the individual impressions alter- 
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natively would not be used during one stroke 
which facilitates the blowing-out, cooling and 
lubricating of the tools. The automatic performance 
of these three auxiliary operations is a condition for 
satisfactory automatic working of the machine. In 
spite of the mechanization, the tools and the feed 
mechanism itself are easily accessible so that 
checking, setting and changing of the tools can be 
effected very quickly. 

In order to obtain a completely automatic opera- 
tion of these machines, an automatic conveyor 
delivering the bars from the heating plant to the 
machine, adapted to the local conditions and 
particular requirements, must be provided. 

As compared with the usual forging machines, in 
the case of automation, the number of strokes is 
reduced by approximately 20°,, as otherwise the 
times for the movement of the feed mechanism 
would be too short and the forces of the mass too 
large. In the case of a small automatic machine an 
output up to 40 pieces per minute can be obtained 
and in the case of larger machines, of, say, 450 tons, 
the output of 30 pieces per minute could be obtained. 
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This would mean a work cycle of 1-5 and 2 sec. 
respectively. This shows quite clearly that in this 
instance, if even the machine works a little slower 
(and therefore more reliable), the work is done 
much quicker than by hand feeding. 

When using automatic machines, a larger model 
should be selected than would be required on 
a manual loading machine, as the specific load is 
considerably higher. The energy of the fly-wheel 
and the drive motor must be adapted to their 
respective uses and it must be borne in mind 
that, while the energy of the fly-wheel in most 
cases will suffice, the drive motor must be larger, 
as the fly-wheel will have to be ‘ recharged’ more 
often. 


Transfer line of machines for valve push-rods 

A transfer line for the production of valve push- 
rods consists of four machines working in pairs. 
On the first pair of machines the induction-heated 
rods are upset hot and subsequently are subjected 
to sand-blast treatment, annealed and brought to 
the second pair of machines on which they are 
calibrated cold. The tolerance should not exceed 
0- 00039 in. 

In this connection it should be pointed out that 
chains are used, not only for transporting the rods 
to and from the machines, but also for transporting 
the components through the machines themselves, 
as the components are relatively small. For larger 
and more heavy articles the gripper conveyor is 
more suitable. 

The advantages of mass production of forged 
articles provided by automation of forging machines 
are considerable, and have been proved on the 
Continent where car manufacturers have been 
disappointed with their supplies, not only from the 
point of view of deliveries but also by the rough 
finish of articles and high price. The British 
forging industry should consider getting together 
and reducing prices or history will repeat itself. 


NADES prize competition 

The National Association of Drop Forgers and Stampers 
announces three awards of up to £50 as a prize for written 
papers on a subject directly related to ‘ The production 
and processing of forgings.’ For details apply to the 
Technical Officer, 245 Grove Lane, Handsworth, Bir- 
mingham, 20. Closing date September 1, 1959. 


President Academician, J. Cabelka, for facilities to 
carry out the necessary experiments. 
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would be transitional in the case of the «-phase 
and cementite, whereas in the complex carbides it 
would be more permanent through the influence 
of the Cr content? Any other explanation would 
be difficult to find, but even this does not throw 
entirely clear light on the problem, and in order 
that the phenomenon of the internal substructure 
may be explained, many more experiments must 
be conducted not only morphologically but also 
by X-ray micro-analysis. 

In every instance the conclusion drawn leads to 
the opinion that the brittle component with the 
lattice substructure seen in fig. 9 is identical with 
the non-lamellar cementite to be seen in figs. 10 
and 11. But how does this non-lamellar cementite 
with a high carbon content of 6-67°,, arise, while 
alongside this phase over the same restricted area 
pearlitic grains with a eutectoid concentration of 
0-86°,, C are distributed ? It must be emphasized 
that neither the morphological nor the trans- 
formation problems, which are associated with the 
very high heating and cooling rates, have been 
thoroughly investigated, and therefore in this con- 
nection every phenomenon is a new one. 


Conclusions 


Data were obtained by means of electron micro- 
scopy concerning the morphology of a brittle 
structural component arising during resistance 
welding of low-carbon (0-1 to 0-15°%, C) low- 
alloy steel, and this phase is described. Basically 
there exist two morphological groups of brittle 
components: those without texture and those with 
a fine martensitic texture. Whereas the morphology 
of the brittle component with a fine texture is 
shown in figs. 5, 6 and 7, that of the brittle 
structure without texture is shown in figs. 8 and 9. 
The authors draw attention to the modification of 
this component with a crystalline substructure as 
seen in fig. 9, and even more distinctly in figs. 10 
and 11, even though the last two micrographs are 
taken of a structure which was affected by a lower 
temperature. While no definite conclusions may 
be drawn concerning the cause of the formation of 
this substructure, it is none the less possible that 
this structural component shows signs which indi- 
cate metastable crystallization in the orthorhombic 
system. The solution of this problem calls for 
further study. 
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A panel to study the problems and possibilities of beryllium as a structural material 
was recently organized by the Materials Advisory Board of the National Academy 
of Sciences—National Research Council, sponsored by the U.S. Department of 


Defence. 


The following report is based on the summary given by Mr. J. R. Lane, 


staff metallurgist of the Board, in ‘ Journal of Metals,’ November, 1958 


UNTIL ABOUT TEN YEARS AGO, beryllium metal was 
generally considered to have practical utility only 
as a nuclear material. Even in the nuclear engi- 
neering field, its uses were severely limited by the 
fact that the only forms in which the metal was 
available were lumps, granules, and small castings 
of poor physical properties, and by the fact that 
the machining of the castings was difficult and 
costly. 

By 1950, powder metallurgy techniques had dis- 
placed casting almost completely for producing the 
billets and blocks that are the starting materials 
from which finished metal shapes are fabricated. 
The fine grain size of the powder metallurgy billets 
increased the ductility and malleability of the metal 
sufficiently to permit machining of beryllium into 
parts of very intricate design to the highest stand- 
ards of precision. 

Pure beryllium in the forms available today does 
not have the ductility of the common light metals, 
nor does it appear likely that this desirable charac- 
teristic will be achieved in the near future. Off- 
setting the lack of ductility, however, are beryl- 
lium’s outstanding physical properties of low 
density, high strength to density ratio at room and 
elevated temperatures, high specific heat, and its 
very high modulus of elasticity. Beryllium’s pos- 
session of these properties and its limited availability 
now in a number of sizes and shapes entitle pure 
beryllium metal to consideration among the other 
modern engineering materials. 

Beryllium, at present and in the foreseeable 
future, is relatively costly to buy and expensive to 
fabricate. In spite of the advantages that may be 
claimed for general use of beryllium in airframe 
structures, the high cost of raw material and fabri- 
cation procedures will place a practical limit on 
its use. 

The opinion of the panel was that the develop- 
ment of major new sources of beryllium was within 
the bounds of possibility, and that price incentives 
would contribute to this. However, major develop- 
ments were likely only over a long period, and 


only if sustained efforts were made along the lines 
of research in extraction and in the factors that 
govern the occurrence of beryllium in the earth’s 
crust. 


Ductility 

Metallic beryllium has been prepared and 
studied by many people throughout the world. 
All of them have found beryllium to be relatively 
brittle, and this shortcoming has been the chief 
deterrent to the use of beryllium for structural 
purposes. 

Composinon Beryllium of commercial purity 
contains about 0-1°%, Al, 0-1% Fe, 0-05%, Si, 
0-2 to 1-0°,, O,, and approximately 0-005 to 0-01°%, 
of other common metals, svch as Cu, Ni, 
and Cr. A number of studies in the past have 
indicated that beryllium which is substantially 
purer than the above does not have noticeably 
different properties. 

Forms of beryllium Commercial beryllium can 
exhibit widely different values for ductility in ten- 
sion at room temperature, depending upon its 
method of fabrication, grain size, and preferred 
orientation. These differences occur with no sig- 
nificant change in impurity content other than 
variation in the amount of oxygen. This variation 
in oxygen above the solubility limit (which is 
exceedingly low) appears to have no effect on the 
results. 

Vacuum-cast beryllium has the lowest oxygen 
content of any commercial form and is the most 
brittle, having essentially zero ductility at room 
temperature. An extrusion made from such a 
casting will exhibit 2 to 3°,, elongation in tension 
and 20°,, contraction in compression. This im- 
provement may be attributed to refinement of 
grain size and development of a texture. Vacuum- 
cast beryllium may be converted to powder and 
reformed by various powder metallurgical tech- 
niques. Such material exhibits 1 to 2%, elongation. 
As a result of making powder, the oxygen content 
is increased from about 0-2 wt.°/, to about 1-0 wt.°,. 
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Powdered beryllium, if extruded at about 1,040°C., 
exhibits 15 to 20°,, elongation in the extrusion 
direction. The preferred orientation appears to be 
identical with that which is achieved in extruded 
cast beryllium. 

Powdered beryllium may be formed into sheet 
by various procedures which produce a highly 
developed texture, wherein the basal planes are all 
close to the plane of the sheet. Such material, if 
processed under optimum conditions, can exhibit 
30 to 40°, elongation under conditions of uniaxial 
strain in any direction in the plane of the sheet. 
In the thickness direction the ductility is very low, 
and as a result, a biaxial tension strain readily 
leads to fracture. 


Effect of impurities on brittleness 

A great many people have studied beryllium and 
tried to make pure forms of it in order to achieve 
ductility. The net result of this work was the 
general conclusion that removal of impurities would 
not make beryllium a ductile metal. 

Non-metallic impurities _It is conceivable that 
oxygen could lead to brittleness in beryllium as it 
does in titanium and zirconium and a number of 
other metals. It has not been possible to date to 
determine whether oxygen is measurably soluble in 
solid beryllium or to identify an oxide phase. 
Numerous attempts have been made and are still 
being made to produce oxygen-free beryllium by 
special procedures, such as distillation in high 
vacuum, electrolysis from organic compounds of 
beryllium, thermal decomposition of beryllium 
iodide, and vapour phase reduction of beryllium 
chloride with sodium. 

It is also conceivable that nitrogen and carbon 
might embrittle beryllium. As far as is known, 
this question has not been extensively explored. 
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The most that can be said is that some samples of 
beryllium containing less than 0-05 wt.°,, N and C 
did not exhibit unusual ductility. 

Metallic impurities Work in the last ten years 
has not drastically changed the opinion of early 
investigators that removal of metallic impurities 
will not lead to increased ductility. 

Recent work shows definitely that iron additions 
up to 0-5 wt.°, progressively reduce the elongation 
of ductile sheet. Nickel additions up to the same 
amount cause less of a reduction, while copper 
appears to have no effect on ductility. Extra- 
polation of the ductility curve for iron does not 
indicate that iron-free beryllium would have re- 
markably increased ductility. This work was con- 
cerned with fracture on the 1120 planes. It is 
not known what effect, if any, these impurities 
have on the basal planes. 


Possibility of health hazard 

No applications of beryllium should be planned 
without a full appreciation of the toxicity of this 
metal and its compounds. A Materials Advisory 
Board Panel on the Toxicity of Beryllium has 
recently prepared a report on this subject, from 
which the following remarks are abstracted. 

In contrast to former beliefs, no reasonable 
doubt now remains that small amounts inhaled 
have produced an acute disease (pneumonitis) 
and or a chronic disease (granulomatosis), the latter 
having a high mortality rate. Contact with certain 
beryllium compounds can produce a dermatitis 
which may be serious with respect to lost time, 
but which can be combatted with suitable protective 
clothing or skin creams. 

Protection against beryllium poisoning is largely 
a matter of controlling the dust evolved in the 
operations on the metal. As a target figure for the 











TaBLe I Tensile and compression properties of beryllium produced from powder 
; . % , Compressi Cc 
Uh. tensile Yield strength | Modulus of Pous- Elonga- Reduc- | yield strength, | modulus of 
strength 0-2". offset elasticity son's tion in tion in 0-2°, offset | elasticity 
(Ib. 'sq. in.) (Ib. sq. in Ib. /sq. in ratio 2 in. area’ «=|—s (Ib./sq. in.) | (ib./sq. in.) 
Vacuum hot pressed Q.M.V | | 
Beryllium block 35,000-45,000 | 25,000-40,000 | 42-44 10° | 0-024 | 0-5-3-0 | 0-5-3-5| 25,000-35,000 | 42-44 x 10° 
Hot extruded beryllium } | 
Longitudinal properties 
Extruded at 1,000-1,100 C 
12 : 1 reduction ratio 
Annealed at 750°C. 60,000-100,000' 40,000-55,000 41-44 » 10° 0-032 8-16 | — 35,000-40,000 | 42-44 « 10* 
Warm extruded beryllium | 
Longitudinal —— | 
Extruded at 430°C. | 
5 : 1 reduction ratio | 
As extruded 85,000-100,000| 80,000-90,000 | 42-44 10" | 0-030 0-1 — 85,000 44 10" 
Annealed at 760°C. 60,000-90,000 | 45,000-55,000 | 42-44 10" | 0-030 25 | — | 000 43 « 10° 
Hot rolled — i | 
Sheet (900°C.) | 
30 : 1 reduction in area | | 
with some cross rolling } 
tudinal 50,000- 56,000 35,000-50,000 | 41-44 « 10° — 1-4 om | ate | at 
Transverse 40,000-55,000 35,000-50,000 | 40-44 « 10° _ 0-5-2 — | an | ou 
Warm rolled beryllium | 
Sheet (650-790°C.) | | 
Longitudi | 80,000-90,000 | 60,000-70,000 4x10 | _ 5-10 — _— | am 
Transverse 80,000-90,000 | 60,000-70,000 44 » 10° _ 5-10 os — —_ 
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average allowable concentration of beryllium in the 
air, 2 ug./m.* may tentatively be acceptable. 
This does not constitute a guarantee that no chronic 
illness will develop; there are cases in which a lag 
time as long as 16 years intervened between 
exposure and symptoms. 

To keep airborne beryllium at the required low 
level, the following principles are suggested: 

1. Manual handling should be reduced to an 
absolute minimum. 

2. Every implement which has been in contact 
with beryllium should be regarded as contaminated, 
and therefore a potential dust source. 

3. Every process step should be examined criti- 
cally to determine whether by arrangement or 
substitution it can be made less dusty. 

4. Essentially every process step must be pro- 
vided with some degree of ventilation. The only 
effective method of control is to contain and 
remove the dust at its source. 


Structural considerations 

Since beryllium has been used chiefly in nuclear 
applications, there has not been a need for many 
of the mechanical data usually used by aircraft 
designers. Characteristic strength values are given 
in Tables I and II. 

Ductility The attainment of a reasonable amount 
of ductility in all directions (in turn, not necessarily 
simultaneously), including the thickness direction, 
is required if beryllium is to be a reliable structural 
material for extended use in missiles and aircraft. 
Without this amount of ductility only limited appli- 
cations are likely. Many of these applications 
would require the generally weaker but more 
ductile grades, and as a result the gain in per- 
formance compared to competitive materials may 
not be great. 

Suitably worked or annealed beryllium may 
exhibit substantial ductility in a tensile test. How- 
ever, this material can fail in a brittle manner if a 
wide piece of sheet is bent, or stresses occur 
simultaneously in two directions. The optimum 
preferred orientation responsible for the highest 
tensile ductility in the pane of the sheet permits no 
significant deformation in the thickness direction, 
so the material is unable to thin down. As a 


239 


metal treatment 
and Drop Forging 


result, elongation in one direction in the plane of 
the sheet can occur only if equal contraction is 
permitted in the perpendicular direction in the 
plane of the sheet; therefore, the 30 to 40%, 
elongation measured in tension on what formerly 
had been thought to be optimum processed beryl- 
lium sheet, may have little or no value in its 
engineering use. This strongly directional duc- 
tility may be incapable of performing the essential 
engineering function that ductility normally per- 
forms. 

Ductility, as measured by the plastic elongation 
just prior to fracture, is the property most in need 
of improvement to permit widespread beryllium 
usage in primary stsuctures and power plants of a 
flight vehicle. 

It is safe to assume that the minimum elongation 
expected of today’s best aluminium alloys will 
suffice for future structures, and this elongation 
constitutes a valid indication of the ductility re- 
quired of beryllium to become of general struc- 
tural use. This permissible level is as low as 1%, 
in extrusion and 1-5°%, in castings, but is no less 
than these amounts in any direction. 

Tensile strength The ratio of density to ultimate 
tensile stress has been used to compare the weight 
of tension structural components made of various 
metals. These components, designed by tension 
criteria, abound in missiles and space craft and 
constitute by weight better than one-third of 
manned aircraft. 

To find what ultimate tensile stress will be 
required of future beryllium to be competitive 
with aluminium, titanium, and steel, one must 
assume a value for the future ultimate tensile stress 
of these three conventional metals and multiply it 
by the ratio, density of beryllium: density of con- 
ventional material. The results of these calcu- 
lations are given in Table III for various tem- 
peratures. 

Compression Compression buckling criteria 
govern the design of better than half by weight 
of the structure of manned aircraft. 

When comparing metals used in thin-walled 
structures designed by buckling criteria, one must 
distinguish between the various types of construc- 
tion. For example, when considering sandwich- 








TaBLe II Elevated-temperature tensile-test properties of beryllium 
Yield 
Test Strain U.T.S. strength Reduction Elongation Elongation Modulus 
temperature, rate (= 1,000 (x 1,000 in area in jin in 2 in. (x 10° 
Cc | (in./in./min.) | Ib./sq. in.) | Ib./sq. in.) (%) %o) %) Ib./sq. in.) 
540 0-005 22-4 19-4 7:2 12-7 41 37-1 
650 0-005 12-5 12-5 2:3 5°5 1-6 31-6 
730 0-005 7-7 7-7 1-5 9-1 1-9 17-9 
820 } 0-005 3-1 3-1 2:5 13-2 3:2 5-8 
900 0-005 1-3 1-3 7-9 20-4 9-5 23 

















| 


metal treatment 
and Drop Forging 


240 


type panels for low load-intensity structures, it 
may suffice as a first rough approximation to specify 
that the yield compression stress should be about 
4/5 of the ultimate tensile stress listed above, to be 
competitive with the conventional metals. 

The method used to obtain the relative weight 
of sheet-stringer panels at various temperatures 
gives the lowest yield compression stress required 
of beryllium. 








Intermediate High load 
Temperature, load intensity intensity 
Cc. q lL, (q/Ly 
200 Ib./sq. in.) 600 Ib. sq. in. 

20 35,000 . 55,000 

205 30,000 45,000 

430 20,000 30,000 

650 10,000 15,000 





Comparing the data of the previous section with 
the properties of present beryllium, it can be seen 
that hot or warm extruded or warm rolled beryllium 
is the material of choice (stronger for equal weight) 
over the temperature range of 20 to 650°C. both 
in tension and compression. Hot pressed block is 
superior to aluminium, titanium, and steel only in 
the range of about 430 to 650°C. 

The level of properties required for conventional 
construction (sheet-stringer, for example) is well 
known, and it is recognized that present commercial 
beryllium is inadequate for the purpose. These 
standard techniques have evolved because ductile 
materials were available. While the development 
of more ductile and stronger beryllium should be 
pushed, consideration should also be given to the 
possibility of a wider utilization of present beryl- 
lium by adjusting to its limitations. 

A simple example can be cited. Beryllium bolts 
made with standard screw threads will fail readily 
in a brittle fashion. By changing the thread form 
to eliminate a sharp notch at the root, however, 
satisfactory beryllium bolts have been produced. 


Working of beryllium 
Present commercial beryllium is now produced 
from billets made by powder metallurgy proce- 


TABLE III Comparison of tensile properties 





Tensile 
Future stress 
Temp., Conven- Density tensile required 
+ tional Ib./cu.in.); stress of future 
metal assumed | beryllium 


(Ib. 'sq.in.) | (Ib. /sq.in.) 





20 | Aluminium 0-10 100,000 70,000 


205 Titanium 0-17 180,000 70,000 
430 Titanium 0-17 130,000 52,000 

150,000 60,000 
650 Steel 0-30 100,000 23,000 


120,000 27,500 
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dures, from which all beryllium parts, sheet and 
rod, are fabricated. In the manufacture of powder 
metallurgy billets, the beryllium smelter product, 
vacuum-cast ingot, is first converted to chips by 
machining. The chips are ground to powder finer 
than 200 mesh, and the powder is then pressed at 
about 1,100°C. and in a vacuum of about 50 microns 
absolute pressure into what is known in the trade 
as vacuum hot pressed beryllium block. Large or 
intricate shapes are manufactured from the block 
by standard machining procedures. Such block 
usually serves as the starting material for extruded 
rod and bar and hot-rolled beryllium plate and 
sheet. 

At temperatures over about 760°C. pure beryl- 
lium oxidizes fairly rapidly, and therefore all hot- 
working operations, such as extrusion and hot 
rolling, require that the starting billet be protected 
from the air during hot-working operations. The 
standard method for accomplishing this is to encase 
the metal in a mild steel container. At the con- 
clusion of hot working, the steel container is 
removed, most conveniently by dissolving it in 
50°, nitric acid. 

Warm extrusion and warm rolling are carried 
out at temperatures below the oxidation tempera- 
ture, and therefore no protective canning is re- 
quired. Although warm extruded beryllium exhibits 
superior strength properties, the high extrusion 
pressure required has thus far limited the shapes 
produced to relatively small pieces of small cross- 
section. Bare warm rolling, while also giving 
improved physical properties and an excellent as- 
rolled finish, has not been practised extensively 
because of the difficulty of keeping the metal hot 
enough during rolling. 

Beryllium, both hot and warm rolled, has demon- 
strated sufficient isotropic ductility between 485 
and 595°C. to permit hot forming. In this tem- 
perature range the metal can be sheared and holes 
can be punched without difficulty. Successful 
sheet metal fabrication requires that the tools as 
well as the metal be maintained at the operating 
temperature throughout the forming operations, 
and, except for hole punching, the rate of bending 
or drawing must be relatively slow. The scale of 
demand for fabricated parts has been small until 
recently, therefore commercial practice closely 
resembles laboratory procedure. 


The brittleness exhibited by beryllium at room 
temperature is much less in evidence at elevated 
temperatures. In spite of this, it is found that 
fabrication of beryllium at high temperatures is 
relatively difficult to carry out. Cracking of the 
metal during rolling or forging and, to a lesser 
extent, during extrusion, is apt to occur, and 
special precautions must be taken to avoid it. 
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Fabrication of aircraft components 

Beryllium can be hot-formed (540 to 760°C.) 
into typical airframe shapes. It may be necessary 
to use heated tools to maintain the metal tempera- 
ture. Cold forming (and cold straightening) should 
not be attempted. 

The machining of beryllium can be accomplished 
to any desired degree of precision. The metal is 
dimensionally very stable. The only important 
limitations are the need for protecting the operator 
from the toxicity hazard and the desire to collect 
uncontaminated chips for-re-use. 

Joining The projected use of beryllium as a 
structural material makes it imperative that means 
be devised for joining beryllium to itself and to 
other metal components of an assembly. Conven- 
tional joining techniques have been investigated 
extensively, with promising results. Brazing has 
been found to be most satisfactory where it can 
be used. 

Several properties of the metal lead to difficulty 
in welding and brazing: (1) Ease of oxidation at 
elevated temperature; (2) the low ductility of the 
metal; and (3) the high specific heat and the high 
heat of fusion, requiring a high power input for 
fusion welding. 

A preliminary investigation has shown that, given 
suitable pretreatment, the adhesive bonding of 
beryllium is feasible. In this study, failures occurred 
in the metal at stresses ranging from 37,000 to 
52,000 Ib./sq. in. 


Future research 

The following are offered as topics to be con- 
sidered in a research effort which has the objective 
of using beryllium in aircraft and missile airframes. 

1. One of the more int:iguing research prospects 
concerns a possible phase change in pure beryllium. 
Such a transformation (to an undetermined struc- 
ture) has been reported, at a temperature only 
about 15° below the melting point. If this finding 
is confirmed, there would be strong interest in 
learning whether beta beryllium is ductile, and 
whether the phase could be retained to room 
temperature by alloying. 

2. The solid solubility limits for oxygen, hydro- 
gen, and nitrogen have apparently never been 
determined. The importance of this is in con- 
nection with purification attempts. Impairment of 
ductility, if any, is probably due to the gases in 
solid solution; gas content above this level is of 
secondary importance. The solubility level of 
gases in beryllium is apparently quite low; there- 
fore any programme on purification should be 
accompanied by a refinement, or at least an assess- 
ment, of analytical techniques. 

3. The question of whether free metal 
will be ductile should be resolved. It might be very 
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expensive to obtain a few grammes of pure metal, 
but, if this beryllium is truly ductile, attempts to 
deoxidize commercially can be started. The possi- 
bility that other gases are important to mechanical 
behaviour should not be ignored. 

4. Since the ductility of beryllium is not great, 
the degree to which this is impaired by notches and 
surface imperfections should be studied. Such an 
investigation should include not only slow tensile 
elongation, but also complex stressing and rapid 
(impact) loading. 

5. Accurate determinations of the solubility 
levels of zinc, cadmium, and lithium in beryllium 
would be of value, since these elements are of 
potential interest for alloying. 

6. While improved ductility is strongly desired, 
there are applications for beryllium with its present 
ductility but with higher strength. Work has been 
reported in which copper additions have raised the 
strength without impairing ductility. This could 
well be followed up, using other alloying elements. 

7. As is true with all metals, desirable mechanical 
properties of beryllium are associated with a fine 
grain size. Commercial beryllium is now a —200 
mesh sintered powder product, this particle size 
being a compromise, because below this size the 
oxide content associated with the particle surface 
becomes excessive. If a finer grain size can be 
obtained, without at the same time adding objec- 
tionable amounts of oxygen, it would be expected 
that improved mechanical properties would result. 

8. Such progress as has been obtained in improv- 
ing the ductility of beryllium is a result of working 
the metal so as to cause a crystallographic align- 
ment. Further improvement would be aided by a 
more detailed knowledge of matters, such as the 
critical resolved shear stress for slip and the manner 
in which fracture propagates. The ductility at 
elevated temperatures is quite satisfactory, but the 
variation of the mechanisms of slip and fracture 
as temperature is raised is not well understood. 
Several sets of slip planes must be active to permit 
grain rotation (without voids) in the production of 
textures. With better knowledge of the plastic 
properties of beryllium, it might be possible to 
predict and produce the optimum textures. 

9. The presence of a ductile-brittle transition 
temperature for beryllium has not been established 
or disproved. Although usually associated with 
body-centred cubic metals (beryllium is hexag- 
onal), the considerable increase in ductility with 
increased temperatures raises the possibility that 
there is a transition temperature for beryllium. 

10. The possibility that beryllium could be 
processed in a fashion to maintain random crystal 
orientations and also contain a small amount of 
well-dispersed porosity, or of a dispersed, weak, 
and isotropic second phase should be looked into, 
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It has been found that dense Al,O, is brittle, but 
a similar specimen containing several per cent. 
porosity has appreciable ductility at the same high 
temperatures. 


Application research 

1. Develop analytical techniques for impurities, 
especially for gases. 

2. Develop beryllium-base alloys aiming for 
substantia! ductility. 

3. Determine practical maximum size and mini- 
mum gauge sheets, and practical limitations of joints. 

4. Develop extrusion and sheet-forming tech- 
niques to get improved ductility and to reduce cost. 
Other fabricating processes should also be investi- 
gated with the same objective. Previous develop- 
ment has varied working and annealing schedules, 
with the preferred orientations obtained and the 
ductility values measured in a tensile test as the 
criterion. Similar experimentation should be car- 
ried out, using as the guiding mechanical test the 
bend ductility of a wide sheet. Thus, a new 
optimum processing may be found that provides 
sufficiently high ductility in the least ductile direc- 
tion to permit relief of high local complex stresses 
without fracture. 

5. Develop methods for making and keeping 
beryllium very fine grained after casting, extruding, 
rolling, etc. 

6. Improve methods so as to reduce scrap loss 
and permit the economical re-utilization of scrap. 

7. Among the additional property data required 
are strength and impact values at very low tem- 
peratures. A continuation of the collection of high 
temperature data is in order. Data corresponding to 
notched specimens covering all the usual properties 
are needed. Finally, all these data should be ob- 
tained on several of the more important grades of 
metal, such as flat-rolled sheet, cross-rolled sheet, 
and extrusions. 

8. Work should be supported on the development 
of composite materials containing a substantial frac- 
tion of beryllium. It might be possible to utilize 
some of the peculiar properties of beryllium, per- 
haps sacrificing some other desirable attributes to 
obtain a structural element adequate to withstand 
the loading conditions of a particular application. 


impurities are substantially eliminated during consolida- 
tion to massive metal. 

Extremely modern in design, the plant possesses the 
most elaborate safety precautions necessitated by the 
critical nature of the ore processing methods. A complex 
air heating filtration and recirculation system includes 
special temperature controls in all sections. The special 
problems of dangerous fumes, leaks in the tanks and other 
hazards intrinsic in such production processes are all 
carefully catered for by the use of specially designed 
equipment. Fire risks are minimized by ‘ walling off’ 
each separate section of the plant. 


242 june, 1959 


Production of niobium and 
tantalum powders 


NrosiuM is best known as an alloy addition, in the 
form of ferrocolumbium, for stainless steels. One of the 
earliest metallurgical concerns to carry out research on 
the commercial production of pure niobium metal and 
powder was Murex Limited. Up to about 1954, supplies 
of the ore were extremely scarce and few metallurgists 
believed there was much object in seeking other uses for 
the metal. Some years ago, however, the research depart- 
ment of Murex investigated the production of pure 
niobium although there was no use for the metal at that 
time beyond a very limited application in electronics. 

In the early part of 1953 the production of the first 
small batches of niobium powder coincided with a request 
from the U.K. Atomic Energy Authority that Murex 
should undertake a research contract covering methods of 
production of pure niobium powder, but the company 
was in a position to offer to supply the pure metal powder. 
The foresight of the concern gave the United Kingdom a 
considerable start in this field. 

However, the Atomic Energy Authority gave Murex 
Limited a development contract to assist it in its researches 
on the fabrication of niobium. The result of collaboration 
with the Authority was the use of niobium in the Doun- 
reay fast reactor. 

The possibility of using niobium as a canning material 
for fuel elements was the main cause for the increased 
interest in it. In order to operate fast reactors without 
fear of failure it is necessary to have materials which can 
withstand with certainty the stress and corrosion at the 
high temperature obtained within the reactor. Several 
metals are capable of withstanding stress at high tem- 
peratures but for ome reason or another they are not 
acceptable to reactor designers. Niobium is the most 
satisfactory metal for this purpose at the present stage of 
technological development of the metals concerned. 


Liquid-liquid extraction plant 


Up to 1957 Murex was meeting current demand for 
niobium by extensions to the pilot plant set up some 
years before. In order to meet the growing demand, 
however, it was decided to erect an entirely new plant to 
operate liquid-liquid extraction. This technique, origi- 
nally developed in the U.S.A., depends on the ability of 
certain organic solvents to extract metals selectively from 
aqueous solutions. 

It was decided in 1957 to erect an entirely new plant for 
the production of pure niobium and tantulum powders. 
The main building covers an area of approximately 160 ft. 
by 70 ft., with a 70-ft. by 30-ft. annexe housing the liquid- 
liquid extraction plant. A further 3,000 sq. ft. adjacent 
to the main ae caters for storage of dangerous and 
inflammable liquids and for the treatment of liquid 
effluent. The plant, which is the most modern of its kind, 
is divided equally into two sections for the processing of 
niobium and of tantalum. It comprises four floors— 
ground, 12-ft., 21-ft. and 32-ft. levels—and has three 
main divisions, or stages, for the processing of the crude 
ore to pure metal. 

In the dissolving section the first steps are taken in 
the complicated production process for turning out pure 
niobium. The niobium, tantalum and other metals, are 
extracted from the ore in the form of an aqueous solution 
which is fed to the separation section where the liquid- 
liquid process is ed. The metal separated from this 


section as pure salt is recovered and passed to the reduc- 
tion section where it is reduced to a metal powder. This 
metal is not completely pure as it contains small amounts 
of oxygen, nitrogen, silicon and hydrogen. All of these 
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ALTHOUGH the television screen is a ubiquitous 
feature of life today, the potential applications of 
television in industry have by no means been 
exhausted. Improvements in design are constantly 
being sought in order to extend the field of appli- 
cation into industries with special requirements 
and working conditions. The following short 
review may perhaps be of service in showing some 
recent applications of current apparatus, developed 
by two leading British firms who exhibited recently 
at the Industrial Photographic and Television 
Exhibition at the Albert Hall, London. An 
excellent feature of this exhibition, incidentally, 
was that working television equipment was on show 
and available for operation by visitors. A Marconi 
Type BD871 camera was mounted in the roof of 
the building and surveyed the street below. The 
camera, fitted with remotely controlled focus, pan 
and tilt facilities, could be operated from the stand 
by visitors. Demonstrations of this kind do much to 
show how simple is the control and operation of 
a closed-circuit camera channel. 


The closed-circuit installation 

The basic form of an industrial television instal- 
lation, such as the Marconi BD871, consists of a 
chain of three units linked by cables. These are 
the camera, control unit, and display unit or 
monitor. Some installations, i.e. the new Pye 
Mark IV, have a separate camera control panel for 
desk mounting, etc., thus making a chain of four 
units. 

Most cameras for industrial television use a 
photo-conductive pick-up tube with the advantages 
of low cost and extreme compactness. Standard 
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Sited to look into the reheating 
furnaces in No. 1 steel-strip mill 
at Stewarts & Lloyds Ltd., 
Corby, two Pye television cameras 
erable the operator to ensure 
alignment of the steel bars on 

the skids (Photo, courtesy 
Stewarts & Lloyds Ltd.) 
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cameras now available are less than a foot in length 
by four or five inches diameter and are quite 
capable of feeding several monitors if desired. 
Monitor screens range in sizes from 5 in. to 27 in., 
measured diagonally. Remote camera control for 
lens changing and focusing is available and ‘ zoom’ 
lenses make it possible to change from a wide-angle 
view to a close-up. 


Industrial applications 


There are two main headings under which most 
applications of television in industry can roughly 
be grouped—extension of view and inaccessible 
viewing. 

Extension of view The most obvious use of 
television is to enable an operator to view some 
part of the process he is controlling which would 
otherwise be out of his range of view. It is only 
a step from this to the simultaneous viewing of as 
many parts of the process as required by the use 
of a number of television chains. Television is 
being used in several steelworks in this way for 
many different purposes. 


Inaccessible viewing The classical method of 
seeing into inaccessible interiors is by optical 
techniques such as the periscope. These methods 
may be extended in application by the added use 
of television, thus enabling remote viewing for 
greater operator comfort and efficiency. A con- 
tinuous scanning of the interior of steel furnaces 
has been achieved by BISRA using the combination 
of periscope and television camera. In many cases 
it is more convenient to view directly with the 
television camera, and various methods of protecting 
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It has been found that dense Al,O, is brittle, but 
a similar specimen containing several per cent. 
porosity has appreciable ductility at the same high 
temperatures. 


Application research 

1. Develop analytical techniques for impurities, 
especially for gases. 

2. Develop beryllium-base alloys aiming for 
substantial ductility. 

3. Determine practical maximum size and mini- 
mum gauge sheets, and practical limitations of joints. 

4. Develop extrusion and sheet-forming tech- 
niques to get improved ductility and to reduce cost. 
Other fabricating processes should also be investi- 
gated with the same objective. Previous develop- 
ment has varied working and annealing schedules, 
with the preferred orientations obtained and the 
ductility values measured in a tensile test as the 
criterion. Similar experimentation should be car- 
ried out, using as the guiding mechanical test the 
bend ductility of a wide sheet. Thus, a new 
optimum processing may be found that provides 
sufficiently high ductility in the least ductile direc- 
tion to permit relief of high local complex stresses 
without fracture. 

5. Develop methods for making and keeping 
beryllium very fine grained after casting, extruding, 
rolling, etc. 

6. Improve methods so as to reduce scrap loss 
and permit the economical re-utilization of scrap. 

7. Among the additional property data required 
are strength and impact values at very low tem- 
peratures. A continuation of the collection of high 
temperature data is in order. Data corresponding to 
notched specimens covering all the usual properties 
are needed. Finally, all these data should be ob- 


tained on several of the more important grades of 


metal, such as flat-rolled sheet, cross-rolled sheet, 
and extrusions. 

8. Work should be supported on the development 
of composite materials containing a substantial frac- 
tion of beryllium. It might be possible to utilize 
some of the peculiar properties of beryllium, per- 
haps sacrificing some other desirable attributes to 
obtain a structural element adequate to withstand 
the loading conditions of a particular application. 


impurities are substantially eliminated during consolida- 
tion to massive metal. 

Extremely modern in design, the plant possesses the 
most elaborate safety precautions necessitated by the 
critical nature of the ore processing methods. A complex 
air heating filtration and recirculation system includes 
special t ture controls in all sections. The special 

roblems of dangerous fumes, leaks in the tanks and other 
oe intrinsic in such production processes are all 
carefully catered for by the use of specially designed 
equipment. Fire risks are minimized by ‘ walling off’ 
each separate section of the plant. 
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Production of niobium and 
tantalum powders 


Nrosium is best known as an alloy addition, in the 
form of ferrocolumbium, for stainless steels. One of the 
earliest metallurgical concerns to carry out research on 
the commercial production of pure niobium metal and 
powder was Murex Limited. Up to about 1954, supplies 
of the ore were extremely scarce and few metallurgists 
believed there was much object in seeking other uses for 
the metal. Some years ago, however, the research depart- 
ment of Murex investigated the production of pure 
niobium although there was no use for the metal at that 
time beyond a very limited application in electronics. 

In the early part of 1953 the production of the first 
small batches of niobium powder coincided with a request 
from the U.K. Atomic Energy Authority that Murex 
should undertake a research contract covering methods of 
production of pure niobium powder, but the company 
was in a position to offer to supply the pure metal powder. 
The foresight of the concern gave the United Kingdom a 
considerable start in this field. 

However, the Atomic Energy Authority gave Murex 
Limited a development contract to assist it in its researches 
on the fabrication of niobium. The result of collaboration 
with the Authority was the use of niobium in the Doun- 
reay fast reactor 

The possibility of using niobium as a canning material 
for fuel elements was the main cause for the increased 
interest in it. In order to operate fast reactors without 
fear of failure it is necessary to have materials which can 
withstand with certainty the stress and corrosion at the 
high temperature obtained within the reactor. Several 
metals are capable of withstanding stress at high tem- 
peratures but for one reason or another they are not 
acceptable to reactor designers. Niobium is the most 
satisfactory metal for this purpose at the present stage of 
technological development of the metals concerned. 


Liquid-liquid extraction plant 

Up to 1957 Murex was meeting current demand for 
niobium by extensions to the pilot plant set up some 
years before. In order to meet the growing demand, 
however, it was decided to erect an entirely new plant to 
operate liquid-liquid extraction. This technique, origi- 
nally developed in the U.S.A., depends on the ability of 
certain organic solvents to extract metals selectively from 
aqueous solutions. 

It was decided in 1957 to erect an entirely new plant for 
the production of pure niobium and tantulum powders. 
The main building covers an area of approximately 160 ft. 
by 70 ft., with a 70-ft. by 30-ft. annexe housing the liquid- 
liquid extraction plant. A further 3,000 sq. ft. adjacent 
to the main = caters for storage of dangerous and 
inflammable liquids and for the treatment of liquid 
effluent. The plant, which is the most modern of its kind, 
is divided equally into two sections for the processing of 
niobium and of tantalum. It comprises four floors— 
ground, 12-ft., 21-ft. and 32-ft. levels—and has three 
main divisions, or stages, for the processing of the crude 
ore to pure metal. 

In the dissolving section the first steps are taken in 
the complicated production process for turning out pure 
niobium. The niobium, tantalum and other metals, are 
extracted from the ore in the form of an aqueous solution 
which is fed to the separation section where the liquid- 
liquid process is jae agen The metal separated from this 
section as pure salt is recovered and passed to the reduc- 
tion section where it is reduced to a metal powder. This 
metal is not completely pure as it contains small amounts 
of oxygen, nitrogen, silicon and hydrogen. All of these 
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ALTHOUGH the television screen is a ubiquitous 
feature of life today, the potential applications of 
television in industry have by no means been 
exhausted. Improvements in design are constantly 
being sought in order to extend the field of appli- 
cation into industries with special requirements 
and working conditions. The following short 
review may perhaps be of service in showing some 
recent applications of current apparatus, developed 
by two leading British firms who exhibited recently 
at the Industrial Photographic and Television 
Exhibition at the Albert Hall, London. An 
excellent feature of this exhibition, incidentally, 
was that working television equipment was on show 
and available for operation by visitors. A Marconi 
Type BD871 camera was mounted in the roof of 
the building and surveyed the street below. The 
camera, fitted with remotely controlled focus, pan 
and tilt facilities, could be operated from the stand 
by visitors. Demonstrations of this kind do much to 
show how simple is the control and operation of 
a closed-circuit camera channel. 


The closed-circuit installation 

The basic form of an industrial television instal- 
lation, such as the Marconi BD871, consists of a 
chain of three units linked by cables. These are 
the camera, control unit, and display unit or 
monitor. Some installations, i.e. the new Pye 
Mark IV, have a separate camera control panel for 
desk mounting, etc., thus making a chain of four 
units. 

Most cameras for industrial television use a 
photo-conductive pick-up tube with the advantages 
of low cost and extreme compactness. Standard 
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Sited to look into the reheating 
furnaces in No. 1 steel-strip mill 
at Stewarts & Lloyds Ltd., 
Corby, two Pye television cameras 
enable the operator to ensure 
alignment of the steel bars on 

the skids (Photo, courtesy 

& Lloyds Ltd. 
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cameras now available are less than a foot in length 
by four or five inches diameter and are quite 
capable of feeding several monitors if desired. 
Monitor screens range in sizes from 5 in. to 27 in., 
measured diagonally. Remote camera control for 
lens changing and focusing is available and ‘ zoom” 
lenses make it possible to change from a wide-angle 
view to a Close-up. 


Industrial applications 


There are two main headings under which most 
applications of television in industry can roughly 
be grouped—extension of view and inaccessible 
viewing. 

Extension of view The most obvious use of 
television is to enable an operator to view some 
part of the process he is controlling which would 
otherwise be out of his range of view. It is only 
a step from this to the simultaneous viewing of as 
many parts of the process as required by the use 
of a number of television chains. Television is 
being used in several steelworks in this way for 
many different purposes. 

Inaccessible viewing The classical method of 
seeing into inaccessible interiors is by optical 
techniques such as the periscope. These methods 
may be extended in application by the added use 
of television, thus enabling remote viewing for 
greater operator comfort and efficiency. A con- 
tinuous scanning of the interior of steel furnaces 
has been achieved by BISRA using the combination 
of periscope and television camera. In many cases 
it is more convenient to view directly with the 
television camera, and various methods of protecting 
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and cooling the camera are available where con- 
ditions at the site necessitate protective measures. 


Television in steelworks 

To give some idea of how the television chain is 
helping to ‘ extend the field of view ’ of the operator 
of complex processes in the steel industry, recent 
installations in two large works may be briefly 
described. 

One of these, at Colvilles Ltd., in Scotland, is in 
use at the pre-heating furnace to control the transfer 





1 ABOVE Pye camera checking 
truck alignment at a preheat 
furnace at the Dalzell works of 
Colvilles Ltd. (Photo, courtesy 
Pye Ltd. 


2 Control room in the new 
rolling mill of the Steel Company 
of Wales fitted with 15 Marcom 
TV channels (Photo, courtesy 
Marconi Wireless Telegraph 

Co, Lid.) 
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of the ingots into the furnace. The ingots are 
loaded on to a number of bogies which run on 
a railway down the shop floor. The bogies are 
moved in a continuous line under the action of 
a go-getter. At one end of the railway, the bogies 
run on to a transfer car which moves at right-angles 
to the railway and brings the laden bogie opposite 
the doors at the charging end of the pre-heating 
furnace. The furnace at any instant contains 12 
bogies in a line. At the discharge end a crane 
removes the ingots heated to 1,000°C. and carries 
them to the soaking pits where they remain until 
required by the rolling mills. Meanwhile, a second 
transfer car returns the empty bogie to the railway 
to be reloaded. When the furnace doors are opened 
to receive the laden. bogie at the charge end, 
a powerful pusher rams the bogie from the transfer 
car into the furnace and one bogie emerges from the 
discharge end. The cycle of operations is initiated 
by the operator who is housed in a small cabin 
overlooking the discharge end of the furnace. 
Each bogie is loaded with approximately 30 tons 
of steel and the furnace handles about 3,000 tons 
of steel a week, running 24 hours a day in three 
shifts. 

Before the cycle of operations can be initiated 
by the operator, he must be sure that the rails on 
which the bogie runs on the top of the transfer car 
are exactly in line with the rails which lead into 
the furnace. If this is not so, the action of the 
pusher will derail the bogie and it and its load will 
be forced into the furnace wall, causing considerable 
damage and a break in production. The alignment 
is achieved basically by means of limit switches, 
but the fine adjustment used to be under the control 
of an assistant who, when he was satisfied that the 
alignment was correct, signalled the ‘ go-ahead ” to 
the operator who then initiated the charging and 
discharging cycle. 

The work of these assistants, one on each of the 
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three shifts a day, is now done by a standard Pye 
industrial television camera, housed in a dustproof 
case, 9 in. by 9 in. by 26 in., installed about 14 ft. 
away from the furnace door, and focused on the 
point where the two sets of rails meet, illuminated 
by a 1-kW. floodlight (fig. 1). The camera is 
connected to a monitor in the control box, and the 
camera control unit (located in the operator’s box) 
is cooled by an air extractor fan. 

Some years ago the Steel Company of Wales 
decided to replace the existing rolling mill at Port 
Talbot by a universal-type mill capable of rolling 
ingots at an increased rate. This in turn raised 
further problems. After the steel ingots are cast, 
they are brought to a uniform rolling temperature 
in the soaking pits en route to the rolling mill. 
The increased capacity after the installation of the 
universal mill meant that additional soaking pits 
were required and that the transport of ingots 
from the soaking pits to the mill had to be speeded 
up. 

Under the old system an ingot was taken out of 
the soaking pits by a crane and placed on an ingot 
buggy which carried it to the rolling mill. In the 
new mill, however, this process was not fast enough 
to keep it running to capacity, so a new method was 
devised. An additional vehicle called the shuttle 
car now runs on the same track as the ingot buggy, 
operating between the buggy and the mill. First 
the buggy is positioned opposite a pair of soaking 
pits from which the ingots are to be drawn and the 
shuttle car is brought up to the buggy. A red-hot 
ingot is then placed in the buggy by a crane. The 
operator then upends the ingot on the buggy by 
remote control and runs it into the shuttle car by 
means of rollers. A second ingot is then placed in 
the buggy and the process repeated. The shuttle 
car then carries these two ingots to the mill and 
returns quickly to the buggy which may have been 
moved to another pair of soaking pits. 

The shuttle car and the buggy are electrically 
controlled from a central dais or pulpit and the 
meeting of the two vehicles may occur at any point 
up to a distance of 1,000 ft. from the operator in 
the pulpit; nevertheless, it is essential for the 
operator to have a clear view of what is happening 
during these operations. The distance is too great 
for this to be done unaided and it was decided that 
the use of television would best overcome this 
problem. 

In order to give a clear and accurate view showing 
every detail of the transfer of ingots, the viewing 
cameras must be at right-angles to the running 
track and to effect visual coverage of the several 
hundred feet of track over which the vehicles may 
meet, 15 cameras each with special wide-angle 
lenses were installed. These cameras are mounted 
in line with an outside wall of the rolling mill 
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looking inwards and downwards at an angle through 
apertures at the relevant length of track. They are 
protected from the weather by canopies. The 
camera outputs are fed via cables to control racks 
in a basement of an adjacent building and thence 
to 15 monitors of new design which are installed in 
the operator’s pulpit. The operator is thus pre- 
sented with a composite picture of the whole 
length of track over which these two vehicles can 
meet (fig. 2). This is a good example of the 
application of the technique of ‘ simultaneous 
viewing.’ 

The installation posed several problems, notably 
those of the small amount of natural light available 
in the area and the high ambient temperatures 
(over 160°F.) which at times occur. The 15 
camera channels are Marconi Type BD871 equip- 
ments, while the monitors are of new design. 


Atomic energy applications 

The field of application of television has recently 
been increased by the necessity of viewing the 
inside of constructions where a high level of 
radiation makes other methods difficult or impos- 
sible. Instances where the method has proved 
valuable are, for example, in cyclotrons and nuclear 
power stations. 

The gas-cooled graphite-moderated reactor at 
Calder Hall was installed with a television camera 
developed by Pye Ltd. The design of equipment 
for use under such conditions raises many problems, 
and has to conform to very rigid specifications. 

When it is desired to carry out an inspection of 
the reactor the pile is closed down by lowering the 
control rods into the graphite core. The coolant 
carbon dioxide gas continues to pass through the 
pile until the temperature has been reduced to about 
200°C. At this stage the gas pressure inside the 
reactor is reduced to slightly above that of the 
outside atmosphere and the television equipment is 
wheeled into position close to a charging valve on 
the reactor cap. The posting box with the television 
camera inside is lowered over the selected valve 
and bolted firmly in position. After ensuring that 
no radioactive gas can escape, the valve is opened, 
giving access to the interior of the reactor, and the 
camera is lowered into position on a chute. 

The camera may be operated with ambient tem- 
peratures up to 200°C., although the interior is 
maintained at the much lower temperature of 
approximately 50-60 C. This is achieved by cool- 
ing the camera with carbon dioxide gas supplied 
through the stainless-steel supporting hose from an 
external supply. 

The optical system consists of a I-in., f1-9 lens 
with a horizontal viewing angle of 28 deg. Built-in 
lighting is provided by four 25-watt incandescent 
lamps grouped around the lens. 
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Non-ferrous metals 
research 


Last month saw the opening by Sir Alexander Fleck 
of a new laboratory block at the headquarters of the 
British Non-Ferrous Metals Research Association. 
This is the first new laboratory block the association 
has been able to build since the war and with its 
completion most of the research work can go on in 
laboratories planned for the purpose instead of in 
improvised accommodation. The new building was 
made possible by a special voluntary contribution by 
members to an extension fund. The following article 
summarizes a few of the current research projects 
shown to visitors on the open days 


THE MAIN FEATURES of the new BNF laboratory 
block are a much enlarged foundry, new corrosion 
and physics laboratories and a new electroplating 
shop, while alterations which have been made to 
existing buildings have enabled a new creep-testing 
laboratory to be built to take over 100 units, the 
former mechanical testing laboratory to be con- 
verted into a fatigue laboratory and more space to 
be allotted to apparatus for the determination of 
gases in metals. An important feature of the 
rearrangements is the creation of space where 
temporary equipment can be installed for specific 
projects as need arises. 


Foundry work 

The results of research work in the foundry 
show that even traditional materials like gunmetals 
can profit from research. The origin of the com- 
positions used at present is lost in antiquity and a 
systematic study has made it clear that they can be 
improved. For certain purposes, particularly where 
thick sections are involved, none of the gunmetals 
in common use is ideal, the best all-round com- 
bination of good mechanical properties together 
with ease of casting being obtained from an alloy 
outside the present ranges specified. 

To help in formulating sensible standards for 
gunmetals, the BNF is also making a detailed 
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1 Alloying of newer metals, such as titamium, zirconium, 
and thorium, is carried out by melting in an arc furnace in 
an argon atmosphere. The one shown above was built by 
BNF when the technique was comparatively new 


examination of the effect of the main impurities. 
Many foreign standards specify limits for a whole 
range of impurities, though there is little published 
evidence to suggest that they are harmful. Already 
the research has shown that sulphur, which is 
frequently limited in American and German 
standards for example, has no adverse effects even 
when present in quite large amounts; the influence 
of arsenic, antimony, bismuth and iron is now 
being investigated. 

A new research has been started on the casting 
and properties of high-silicon aluminium-silicon 
alloys which have recently been attracting attention 
in the motor industry, and other work in progress 
is concerned with improving the resistance to stress 
corrosion of the high-strength cast aluminium 
alloys used in the aircraft industry. 


Structural use of aluminium alloys 

To help the designer make the best use of 
aluminium alloys for land transport applications, 
a detailed comparison is being made of the fatigue 
properties of medium-strength light alloys and 
structural steels normally used in the transport 
industry. Tests are going on not only with plain 
specimens but also with notched specimens, the 
results of which will influence joint design. 

Two Vibraphore direct stressing fatigue machines, 
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NICKEL 
ALLOY 
STEELS 


ensure 
reliability in 


machining 


In the current designs of C.V.A. Jigs Moulds & TYPICAL MECHANICAL PROPERTIES OF 
Tools Ltd., Hove, who concentrate on high speed 


automatic and centre lathes, dicing presses and 
‘Milwaukee’ milling machines, the constructional 
materials include various nickel alloy steels for the 


highly stressed components. The 1} per cent ‘ } 
These steels exemplify 11s versatility both as regards strength and range of serviceable 


nickel-chromium-molybdenum steel, EN 24, one > 
. Section sizes 





of the most useful compositions, is used for cams, 
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made from forged material or bar stock. | | | 
‘ability of C.V . ; 0-564” | Oil quenched 830°C 
The reliability of C.V.A. automatics, now operating dia. | compared 200°C i4 | 1255 145 4 
in thousands throughout the world, is a reflection | Oit quenched 850 a ~ aS 
eee. tae 3S ‘ ‘ 
of the reliability of nickel alloy steels under ds | tempered 510 5 28 
sustained stresses. 14” dia. | nen y | - a 68:3 735 O23 5S 
| 
By utilising the better properties obtainable in more highly yt | Oil quenched 840 «7 | | 
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alloyed nickel steels, dimensions can be reduced, lighter i tempered 650 C 
constructions produced, distortion through heat treatment 53° dia Oil quenched 830°C ) | 589 | 198 5 
minimised and reliability and economy achieved. ? tempered 650 C ? 


Send for ‘ The Mechanical Properties of Nicke! Alloy Steels’ > 


MOND NICKEL 


& The Mond Nickel Company Limited - Thames House ~ Milibank London SW1 
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one of 10 tons capacity and the other of 2 tons 
capacity, are in use for this work in a new fatigue 
laboratory which contains several other varieties of 
fatigue machines for tests under bending stresses. 
Fretting fatigue in connection with aluminium 
alloys is also being investigated, the question being 
of great importance in the aircraft industry, and 
various anti-fretting agents are being compared. 

A great deal of attention has been given to im- 
proving the transverse ductility of large high- 
strength aluminium alloy extrusions and forgings 
now used in aircraft. The research has mainly con- 
cerned DTD.683, the aluminium-copper-zinc- 
magnesium alloy which has a high proof stress. 
The low ductility sometimes encountered across 
the direction of working has meant that unusual 
care has had to be exercised in using large extru- 
sions and forgings. An explanation for this low 
transverse ductility has been provided by research 
work, and recommendations for improving the 
position, among other things by modified forging 
techniques, are being tried out at the present 
time. 


Improved production of copper alloys 

The prototype of a novel machine developed by 
the BNF for correcting strip for various rolling 
faults was demonstrated. This machine is designed 
to be placed between the working rolls of the mill 
and the coiler. It helps to correct such faults as 


‘waviness’ and ‘spoutiness’ and, in addition, 
equalizes the internal stresses in the strip. 
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How much hydrogen is permissible in the atmo- 
sphere when bright annealing high conductivity 
copper and the reasons why adjacent turns some- 
times stick together when bright annealing coils of 
wire or strip are being investigated. Although 
bright annealing has been in commercial use for 
many years, there is surprisingly little information 
about the permissible hydrogen contents of anneal- 
ing atmospheres to avoid embrittlement of high 
conductivity copper at different temperatures. 
Similarly, the factors on which the tendency to 
sticking depend have never been looked into, 
although this is obviously a form of pressure 
welding. 


Lead-clad steel 

Lead has outstanding resistance to corrosion, 
particularly towards sulphuric acid and sulphur- 
containing fumes. However, it must be well sup- 
ported as it tends to creep even under its own 
weight. A new BNF product, lead-clad steel, com- 
bines the corrosion resistance of lead with the 
structural stability of steel and should lead to 
increasing use of lead in the chemical plant industry 
where at present it is often applied by the costly 
process of hard burning. A method has been 
developed of rolling lead on to sheets of steel, and 
industrial trials have proved that it is possible to 
make lead claddings up to } in. thick on large steel 
plates which can be welded together without diffi- 
culty. Several small articles made in this way were 
shown. 


2.err The 500-ton press being used for extruding high- 
strength aluminium alloy strip in an investigation into tts 
directional properties 


3 BELOW This microscope stage is fitted with three micro- 
meters to provide a simple means of determining the proportions 
of different phases in a specimen 
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Another high-temperature problem solved by 


NIMONIC ALLOYS 


30-TON FORGINGS SUSPENDED 
FOR HEAT TREATMENT 
AT 1,000°C 





A SPECIAL TYPE of ‘cruet’ for suspending 
forgings vertically during heat-treatment has 
been developed by William Beardmore and 
Company Limited. Weighing 4} tons, it con- 
sists of two main members of heat-resisting 
steel, joined together by bolts 4 ft. long. These 
bolts must carry the weight both of the 
lower member and a forging of up to 30 tons, 
through a continuous heat-treatment cycle 
involving temperatures of over 1,000°C for 
12-hour periods. 

Under these exacting conditions, the axle-type 
steel bolts which were first employed quickly 
failed through scaling and lack of mechanical 
strength. A mixed set was then incorporated, 
consisting of four bolts of heat-resisting steel 
and four of NimMonic 75. After a period of 
service, it was found that the steel bolts had 
extended and become virtually useless, and 
that the bolts of NIMONIC 75 alone were sup- 
porting almost the entire load. Because of this 
proved superiority, 3-in. diameter bolts of 
NIMONIC 75 secured to NIMONIC 75 nuts are 
now employed in all the ‘cruets’ used by 
Messrs. Beardmore for handling large forg- 
ings, with smaller bolts of the same material 
for forgings of up to 8 tons. 


WIMONIC’ IS A REGISTERED TRADE MARK 


the application of Wiggin wrought nickel alloys. May we send you a speci 
HENRY WIGGIN & COMPANY LIMITED - WIGGIN STREET BIRMINGHAM 16 


TGA HTA35 


: WIGGIN NICKEL ALLOYS, our tecnamcal journal, contains useful and interesting 
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X-ray fluorescence analysis 

Determination of the zinc content of brass in 
1 minute with an accuracy at least as good as 
routine chemical analysis was demonstrated on an 
X-ray spectrometer. Research on the metallurgical 
uses of X-ray fluorescence analysis has been carried 
out for the past two years, using a spectrometer 
made in the workshop. The method is akin to 
spectrographic analysis, but instead of sparking 
the metal and examining the light spectrum pro- 


duced, the metal is irradiated with a beam of 


X-rays and the X-ray fluorescence is split into a 
spectrum and analysed by means of a scintillation 
counter. 

So far, the work has been confined to analysing 


brasses, tin bronzes and cupro-nickels, in all of 


which the main elements can be determined 
accurately, but it is soon to be extended to other 
metals and to ores. 

The prototype of a commercial instrument, 
loaned to the BNF for evaluation, designed to carry 
out automatically complete analyses of alloys and 
record the results on a paper tape, was also shown. 


Instrumentation 

In the physics laboratory was shown a working 
model of an eddy-current instrument sorting brass 
tubes with manufacturing faults from good tubes. 
Automatic inspection of this kind is becoming 
more and more necessary with larger scale produc- 
tion and mechanization in the non-ferrous metals 
industry. Research is going on into several aspects 
of instrumentation. The one concerned with eddy- 
current testing is providing information about 
design of search coils for specific inspection prob- 
lems, thus helping members to make the best use 
of available commercial instruments. The develop- 
ment of a satisfactory radiation pyrometer for 
measuring the temperature of aluminium alloys dur- 
ing hot working is the objective of another research. 
The low and variable emissivity of aluminium 
makes radiation pyrometry particularly difficult. 

The BNF coatings gauge provides a completely 
non-destructive method of measuring nickel thick- 
nesses on steel, brass or zinc alloy die-castings just 
by applying a probe to the surface. The immediate 
aim 1s to speed up readings, improve reproducibility 
and simplify calibration. 


The newer metals 

Much of the work on the newer metals is now 
connected with the nuclear-power industry, though 
research on titanium during the last ten years has 
provided a good deal of basic information on the 
types of alloys from which creep resistance coupled 
with good forgeability can be expected. One 
laboratory is set aside for an investigation into the 
metallurgy of thorium and its alloys, the object 
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being to produce thorium-based materials having 
adequate strength at high temperatures to be used 
as nuclear-power fuel elements. In its unalloyed 
form thorium is insufficiently strong at the operat- 
ing temperatures of a reactor, but some promising 
high-strength materials have been developed and 
their creep properties are being evaluated. Special 
creep-testing equipment has had to be developed 
to enable the testing to be carried out in purified 
argon since thorium is too reactive to test at high 
temperatures in air. 

Another research is concerned with the develop- 
ment of high-strength zirconium alloys which are 
of interest as canning materials for nuclear fuel 
elements, and the same type of creep-testing equip- 
ment is being used. Work is also commencing on 
certain aspects of the metallurgy of the production 
of uranium fucl elements. 


Radioisotopes 

Compounds labelled with radioactive tracers are 
proving most useful in fundamental work designed 
ultimately to improve nickel-plating solutions. It 
is known that the complex organic substances 
added to modern nickel-plating solutions to give 
the deposit such qualities as smoothness and bright- 
ness while retaining reasonable ductility, become 
incorporated in the nickel to some extent, though 
the amounts involved are too small for ordinary 
chemical analysis. With typical addition agents 
specially prepared by the Radio Chemical Centre 
with a radioactive isotope such as carbon C,, or 
sulphur §,, as tracer, the extent of incorporation of 
the organic agents can be determined by checking 
the deposits with a Geiger counter. 


High-temperature brazing 

Brazing of high-temperature alloys such as 
Nimonics is being studied. Such alloys are more 
difficult to braze than normal materials since they 
invariably have refractory oxide films which hinder 
the wetting of the surface by the brazing metal. 
Furthermore, the conditions in which they are 
used are more arduous than normal components 
have to withstand, so that soundness of the joint 
is of the utmost importance. The work covers 
fundamental aspects such as joint design and 
method of heating necessary to ensure complete 
soundness of joints, the correct combinations of 
brazing metal and basis metal for different circum- 
stances and the high-temperature strength of the 
joints. High-temperature brazing is now coming 
into industrial use and could do much to cheapen, 
for example, the production of gas turbine parts 
where at the moment much of the assembly has 
to be carried out by high precision-machined 
joints. Work on brazing titanium alloys where 
similar problems are encountered has just started. 
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VACUUM MELTED METALS 
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“HAVE WORKED WONDERS 
FOR JET PLANES 
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.»» COULD A VACUUM FURNACE 


Metals for parts to withstand jet engine 


DO THE SAME temperatures and stresses can be produced 
in vacuum furnaces 


Such metals enable 


> components to be made with fewer rejects 
FOR YOUR PRODUCTS r+ If your products need parts that operate 
<> 


under severe conditions or need high purity 
metals or alloys—a vacuum furnace will 
help you to produce them 

Wild-Barfield can supply equipment made 
to the designs of and tested by the unrivalled 
experience of the National Research 
Corporation who have built and operated 
more high vacuum furnaces than any other 
company in the world 

Write for details of the Wild-Barfield NRC 
range of high vacuum plant. 











Model 2555 Vacuum Induction Model 2705 Non -Cunsumable Ar : vi ere 
Furnace with melting capacity of Skull Furnace with a capacity of & % . . 
50 pounds of steel, Other standard $0 pounds of titanium. Other standard WILD-BARFIELO—WAC EQUIPMENT INCLUDES: 
furnaces have capacities of 12 to vacuum arc furnaces have capacities a 
3,000 pounds of 8 to 10,000 pounds of titaniur oy M INDUCTION FURNACES 
M ARC FURNACES 
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# t ANALYSING EQUIPMENT 
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a M DIFFUSION PUMPS 
x , ACUUM FURNACES 
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e a mork of the Notioncl Research 
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for all heat-treatment purposes hiv: cane 


WILD -BARFIELD ELECTRIC FURNACES LIMITED 
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EARLE, BOURNE AND CO. LTD., Birmingham, a 
member of the Delta Group, have long been well 
known as manufacturers of copper and copper 
alloy sheet, tubes and sections. A remodernization 
programme has recently been carried out which 
included the installation of an electrically heated 
driven roller-hearth furnace supplied by G.W.B. 
Furnaces Ltd., for the annealing of copper and 
brass tubes. This unit has replaced a fuel-fired 
furnace which was used for annealing, after which 
the tubes had to be pickled in an acid bath to provide 
the bright finish normally required. Since the 
G.W.B. furnace operates under a protective 
atmosphere provided from an exothermic burnt 
town’s gas plant, also supplied by G.W.B., the 
pickling process has been eliminated since the 
tubes now emerge from the discharge end quite 
bright in the case of copper tubes and clean in the 
case of brass tubes. 

The furnace is heated by electric resistance 
elements situated in the roof of the heating chamber, 
and in the hearth beneath the driven rollers. A 
maximum rating of 285 kW. is provided, spread 
equally over the three-phase supply, and for control 
purposes, this rating is divided into three zones 
arranged longitudinally along the furnace. 

The complete installation is nearly 150 ft. long, 
which includes a loading table 35 ft. long and an 
unloading table 40 ft. long. The most common 
charge consists of copper tubes in lengths up to a 
maximum of 35 ft. and with a diameter range from 
4 to 4 in. o.d. This length is the maximum which 
can be catered for in straight form, and beyond 
this the tubes are coiled on a bull-block up to a 
maximum length of 60 ft. forming coils 5 ft. 6 in. 
diameter which are also passed through the furnace. 
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New 
controlled 
atmosphere 


furnace 


Discharge end of G.W’.B. electric roller-hearth furnace 


The unit has basically been designed for an output 
of 2 tons h. of annealed tube, although this naturally 
varies with the particular charge characteristics. 
The average hourly throughput at the present time 
is 39 cwt. when in lengths and 35 cwt. when 
coiled. 

The G.W.B. protective atmosphere plant consists 
of three combustion chambers in which a carefully 
determined mixture of town’s gas and air is burned 
in a ratio of approximately 24.3 : 1. The partially 
burned product is passed through a_ water- 
sprayed coke-filled ‘scrubber’ box for cleaning 
and cooling, and then through purifying units 
containing bog-ore and activated carbon to reduce 
the sulphur content as far as possible. 


All rollers are of mild steel except where they are 
situated in the actual furnace itself and in the first 
portion of the cooling chamber, in which case they 
are of drawn heat-resisting material. Arrange- 
ments are made for easy withdrawal of the tubes 
from the side of the furnace should this be neces- 
sary, without having to shut down the drive for the 
whole installation. 

The 44-ft. long cooling chamber is water- 
jacketed, and effectively reduces the temperature 
of the charge coming from the furnace so that it can 
be handled on discharge, and it emerges into normal 
atmosphere well below the point at which oxidation 
might take place. 

Each of the three heating zones is controlled 
independently and automatically by an Electroflo 
electronic indicating controller, while a three-point 
recording instrument gives a permanent indication 
of thermal conditions along the length of the 
furnace. 
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Effect of die shape in extrusion 

THE SHAPE AND SURFACE FINISH of the die affect the dimen- 
sional accuracy and surface quality of an extruded pro 
duct. The extrusion of products of non-symmetrica: 
section calls for much skill and experience since, among 
other things, it is necessary to ensure a balanced flow of 
metal through all parts of the die. The resistance to flow 
is greater in the narrow parts of the die and if this is not 
allowed for correctly the product will be buckled or 
twisted. 

The results of the first stage of an investigation of the 
effects of the shape of the die on the flow of metal during 
extrusion are now available. It is hoped that this work 
may eventually lead to a more rational understanding of 
the extrusion of non-symmetrical sections. The flow of 
metal can be modified by altering the shape of the die 
entry to obtain the required frictional conditions, and by 
altering the position of the die aperture relative to the 
axis of the billet being extruded. 

It is also necessary to balance the flow of metal when 
extruding several sections simultaneously through a 
multi-aperture die, and this has been investigated as a 
preliminary to studying the flow through single apertures 
of non-symmetrical section. With a multi-aperture die 
balanced flow of metal is obtained when the velocity of 
each product as it leaves the die aperture is the same 
When extruding simultaneously through two apertures 
of different size, balanced flow is obtained only if the cen- 
troid of the apertures is displaced from the axis of the 
billet. Tests on non-ferrous metals have shown that the 
conditions under which the initial and final parts of the 
product are extruded always lead to twisting and bending. 

Further information about these preliminary results 
is given in MERL Plasticity Report No. 127, available 
from the Mechanical Engineering Research Laboratory, 
East Kilbride, Glasgow. 


MORE 
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Melting reactive metals 

Explosion risks in plants melting zirconium and similar 
reactive metals can be reduced by using air-cooled 
moulds to catch the molten metal, the Bureau of Mines, 
U.S. Department of the Interior, has reported. Re- 
searchers at the Bureau’s Albany, Oreg., Metallurgical 
Research Centre, have recently concluded experiments 
with several moulds, or crucibles, of different designs, all 
cooled with air 

Zirconium is one of several new metals that require 
care in melting. This may also be said for such metals as 
titanium, columbium, tantalum, and hafnium. Severe 
blasts have occurred when these metals were arc-melted 
into water-cooled moulds, probably because water, 
normally circulated between the outside of the mould and 
a jacket surrounding it, contacted molten metal when the 
mould was accidentally burned through. The hot metal, 
sometimes reaching temperatures as high as 5,440°F., 
makes the water break up into molecules of oxygen and 
hydrogen, which recombine, producing an explosion. 

The Bureau's report describes in detail how the air- 
cooled moulds were designed, fabricated, and tested at the 
Albany centre. Most of the vessels were copper; stainless 
steel and aluminium proved unsatisfactory. The best 
model, which could be cooled up to 35°,, more efficiently 
than a water-jacketed type, had projecting fins which 
provided more surface to the cooling air. 

Although one air-cooled model was burned through 
during testing and molten metal contacted the cooling 
air, no explosion resulted and damage was confined to the 
mould. 

A copy of Report of Investigations 5443, ‘ Air-cooled 
crucibles for cold-mould arc melting’, can be obtained 
from the Bureau of Mines, Publications-Distribution 
Section, 4800 Forbes Avenue, Pittsburgh 13, Pa. Requests 
should refer to the report by number and title. 


IDEAS BEGIN WITH BORON 


But now the glass 
goes into the boat 


The well-known toughness of glasses such as ovenware, 
laboratory glasses and other specialised types, is largely due 
to the presence of boric oxide. This product is also an 
important constituent of the tough, borosilicate fibres which 
are now creating a new and completely different future for 
glass. These strong glass fibres are moulded with plastics 
into sturdy, lightweight structures for modern boat-building, 
woven into textiles for electrical insulation or made into 
‘blankets’ to insulate a house. This contribution to 4 rapidly- 
expanding industry is yet another use for boron and boron 
compounds. In nuclear research, in rocket fuels, in new 
synthetic materials, as well asin established fields of industry 
and pharmacy, their varied properties give rise to many new 
possibilities for progress 





BORON IN VITREOUS ENAMELLING 


Uses for borates are long established in the vitreous enamelling 
industry. The use of boric oxide makes possible the production 
of enamels of deep and brilliant colour which combine the 
properties 6f chemical! resistance, low thermal expansion and 
low firing temperatures. It is also used to neutralise the steel 
sheets after de-pickling and to set the enamel slip 








For further information on Boron and its compounds write to 


BORAX CONSOLIDATED LIMITED 


BORAX HOUSE + CARLISLE PLACE - LONDON SW1 + TEL: VIC 9070 


‘20 MULE TRAM’ Registered Trademark Re etn tee ellie 
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EARLE, BOURNE AND CO. LTD., Birmingham, a 
member of the Delta Group, have long been well 
known as manufacturers of copper and copper 
alloy sheet, tubes and sections. A remodernization 
programme has recently been carried out which 
included the installation of an electrically heated 
driven roller-hearth furnace supplied by G.W.B. 
Furnaces Ltd., for the annealing of copper and 
brass tubes. This unit has replaced a fuel-fired 
furnace which was used for annealing, after which 
the tubes had to be pickled in an acid bath to provide 
the bright finish normally required. Since the 
G.W.B. furnace operates under a protective 
atmosphere provided from an exothermic burnt 
town’s gas plant, also supplied by G.W.B., the 
pickling process has been eliminated since the 
tubes now emerge from the discharge end quite 
bright in the case of copper tubes and clean in the 
case of brass tubes. 

The furnace is heated by electric resistance 
elements situated in the roof of the heating chamber, 
and in the hearth beneath the driven rollers. A 
maximum rating of 285 kW. is provided, spread 
equally over the three-phase supply, and for control 
purposes, this rating is divided into three zones 
arranged longitudinally along the furnace. 

The complete installation 1s nearly 150 ft. long, 
which includes a loading table 35 ft. long and an 
unloading table 40 ft. long. The most common 
charge consists of copper tubes in lengths up to a 
maximum of 35 ft. and with a diameter range from 
4 to 4in. o.d. This length is the maximum which 
can be catered for in straight form, and beyond 
this the tubes are coiled on a bull-block up to a 
maximum length of 60 ft. forming coils 5 ft. 6 in. 
diameter which are also passed through the furnace. 
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New 
controlled 
at mosphere 


furnace 


Discharge end of G.W.B. electric roller-hearth furnace 


The unit has basically been designed for an output 
of 2 tons h. of annealed tube, although this naturally 
varies with the particular charge characteristics. 
The average hourly throughput at the present time 
is 39 cwt. when in lengths and 35 cwt. when 
coiled. 


The G.W.B. protective atmosphere plant consists 
of three combustion chambers in which a carefully 
determined mixture of town’s gas and air is burned 
in a ratio of approximately 24.3 : 1. The partially 
burned product is passed through a _ water- 
sprayed coke-filled ‘scrubber’ box for cleaning 
and cooling, and then through purifying units 
containing bog-ore and activated carbon to reduce 
the sulphur content as far as possible. 


All rollers are of mild steel except where they are 
situated in the actual furnace itself and in the first 
portion of the cooling chamber, in which case they 
are of drawn heat-resisting material. Arrange- 
ments are made for casy withdrawal of the tubes 
from the side of the furnace should this be neces- 
sary, without having to shut down the drive for the 
whole installation. 


The 44-ft. long cooling chamber is water- 
jacketed, and effectively reduces the temperature 
of the charge coming from the furnace so that it can 
be handled on discharge, and it emerges into normal 
atmosphere well below the point at which oxidation 
might take place. 

Each of the three heating zones is controlled 
independently and automatically by an Electroflo 
electronic indicating controller, while a three-point 
recording instrument gives a permanent indication 
of thermal conditions along the length of the 
furnace. 
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Effect of die shape in extrusion 

THE SHAPE AND SURFACE FINISH of the die affect the dimen- 
sional accuracy and surface quality of an extruded pro 
duct. The extrusion of products of non-symmetricai 
section calls for much skill and experience since, among 
other things, it is necessary to ensure a balanced flow of 
metal through all parts of the die. The resistance to flow 
is greater in the narrow parts of the die and if this is not 
allowed for correctly the product will be buckled or 
twisted. 

The results of the first stage of an investigation of the 
effects of the shape of the die on the flow of metal during 
extrusion are now available. It is hoped that this work 
may eventually lead to a more rational understanding of 
the extrusion of non-symmetrical sections. The flow of 
metal can be modified by altering the shape of the die 
entry to obtain the required frictional conditions, and by 
altering the position of the die aperture relative to the 
axis of the billet being extruded. 

It is also necessary to balance the flow of metal when 
extruding several sections simultaneously through a 
multi-aperture die, and this has been investigated as a 
preliminary to studying the flow through single apertures 
of non-symmetrical section. With a multi-aperture die 
balanced flow of metal is obtained when the velocity of 
each product as it leaves the die aperture is the same. 
When extruding simultaneously through two apertures 
of different size, balanced flow is obtained only if the cen- 
troid of the apertures is displaced from the axis of the 
biliet. Tests on non-ferrous metals have shown that the 
conditions under which the initial and final parts of the 
product are extruded always lead to twisting and bending. 

Further information about these preliminary results 
is given in MERL Plasticity Report No. 127, available 
from the Mechanical Engineering Research Laboratory, 
East Kilbride, Glasgow. 
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Melting reactive metals 

Explosion risks in plants melting zirconium and similar 
reactive metals can be reduced by using air-cooled 
moulds to catch the molten metal, the Bureau of Mines, 
U.S. Department of the Interior, has reported. Re- 
searchers at the Bureau's Albany, Oreg., Metallurgical 
Research Centre, have recently concluded experiments 
with several moulds, or crucibles, of different designs, all 
cooled with air. 

Zirconium is one of several new metals that require 
care in melting. This may also be said for such metals as 
titanium, columbium, tantalum, and hafnium. Severe 
blasts have occurred when these metals were arc-melted 
into water-cooled moulds, probably because water, 
normally circulated between the outvide of the mould and 
a jacket surrounding it, contacted molten metal when the 
mould was accidentally burned through. The hot metal, 
sometimes reaching temperatures as high as 5,440°F., 
makes the water break up into molecules of oxygen and 
hydrogen, which recombine, producing an explosion. 

The Bureau’s report describes in detail how the air- 
cooled moulds were designed, fabricated, and tested at the 
Albany centre. Most of the vessels were copper; stainless 
steel and aluminium proved unsatisfactory. The best 
model, which could be cooled up to 35”, more efficiently 
than a water-jacketed type, had projecting fins which 
provided more surface to the cooling air. 

Although one air-cooled model was burned through 
during testing and molten metal contacted the cooling 
air, no explosion resulted and damage was confined to the 
mould. 

A copy of Report of Investigations 5443, ‘ Air-cooled 
crucibles for cold-mould arc melting’, can be obtained 
from the Bureau of Mines, Publications-Distribution 
Section, 4800 Forbes Avenue, Pittsburgh 13, Pa. Requests 
should refer to the report by number and title. 


IDEAS BEGIN WITH BORON 


But now the glass 
goes into the boat 


The well-known toughness of glasses such as ovenware, 
laboratory glasses and other specialised types, is largely due 
to the presence of boric oxide. This product is also an 
important constituent of the tough, borosilicate fibres which 
are now creating a new and completely different future for 
glass. These strong glass fibres are moulded with plastics 
into sturdy, lightweight structures for modern boat-building, 
woven into textiles for electrical insulation or made into 
‘blankets’ to insulate a house. This contribution to a rapidly- 
expanding industry 1s yet another use for boron and boron 
compounds. In nuclear research, in rocket fuels, in new 
synthetic materials, as well asin established fields of industry 
and pharmacy, their varied properties give rise to many new 
possibilities for progress 








BORON IN VITREOUS ENAMELLING 


Uses for borates are long established in the vitreous enamelling 
industry. The use of boric oxide makes possible the production 
of enamels of deep and brilliant colour which combine the 
properties of chemical resistance, low thermal expansion and 
low firing temperatures. It is also used to neutralise the steel 
sheets after de-pickling and to set the enamel slip 





For further information on Boron and its compounds write to 
BORAX CONSOLIDATED LIMITED 
BORAX HOUSE - CARLISLE PLACE « LONDON SW1 + TEL: VIC 9070 
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Classified Advertisements 


FIFTEEN WORDS 7s. 6d. (minimum charge) and 4d. per word 
thereafter. Box number 2s. 6d. including postage of replies. Situations 
Wanted 2d. per word. 

Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Forging, John Adam 
House, John Adam Street, London, W.C.2. 


SITUATIONS VACANT — 


A WELL-KNOWN COMPANY in Birmingham have a vacancy 
for a Manager to assume responsibility of running a plant 
to produce cold flow forgings. The position offers ex- 
cellent prospects to a first-class man possessing real 
practical knowledge, managerial ability and drive. Salary 
will be in accordance with qualifications and experience 
Applicants must give full particulars of age, training, 
experience and salary expected.—Box AW 116, METAI 
TREATMENT AND DROP FORGING. 


AGENCY 


AGENCY REQUIRED for drop forgings in London and 
Home Counties. Good connection for best-quality 
forgings only.—Box AR 115, METAL TREATMENT AND 
DROP FORGING. 


FOR SALE 


CALCIUM SILICIDE. Finely ground calcium silicide—for 
nodular iron, exothermic compositions, etc. (now being 
successfully used by several foundries) at prices which 
save you money. Toxane Ltd., 47 High Street, Edgware, 
Middlesex. EDGware 6666. 


HYDROGEN COMPRESSOR by Bellis & Morcom. Weight 
2 tons. Wild-Barfield forced-air circulatory furnace 
Max. temp. 750°C. Fitted with variable pattern excess 
temperature cut-out. Oil-cooled mains transformer, 
contactor panel, charge progress recorder and time 
switch. As new. 

Gas-fired furnace by Lucas, 72 in. 42 in. 22 in., 
1,100°C., complete less floor. Furnace, gas fired, by 
Lucas, 33 in. = 24 in. 12 in., 1,200°C., in poor 
condition. 

Salt bath by Lucas, 6 ft. « 4 ft. 9 in. 3 ft. 6 in. 

Ditto by Haslam. 

Ammonia cracker by I.C.I. for manufacturing cracker 
gas for heat treatment and welding applications, etc. 
Colbro Ltd., Wood Lane, Rothwell, Leeds. Phone: 
Rothwell 3258. 


MASSEY 5-CWT. PNEUMATIC POWER HAMMERS. Over- 
hanging type with slides. Longest stroke‘2] in. Number 
of automatic blows per minute 140. Anvil set as an 
angle to accommodate long bars. Arranged direct 
motor drive. Complete with anvil. Centre to back 18 in. 
Size of bar worked 6 in. square. Weight about 6} tons. 
—F. J. Edwards Ltd., 359 Euston Road, London, N.W.1 
EUSton 4681), or 41 Water Street, Birmingham 3 
CENtral 7606-8) 


___ CAPACITY AVAILABLE 





Heat-treatment by H.F. Induction 


| 
We can undertake to harden your parts in large | 
or small quantities by the most modern methods. | 
Send your samples for trial or visit us to see our —| 

wide range of hardening equipment. 


EFCO Heat-treatment Division 
Wellington Street Extension, Burton-on-Trent 
Telephone 4861 
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HEAT 


TREATMENT 





Capacity for case-hardening is now 
available in the most modern heat- 
treatment plant in London 


Gas or pack carburising with full 
x metallurgical control over all opera- 

tions 

Gleason quenching press equipment 
x for pieces up to 36” dia. plus wide ex- 

perience in the control of distortion 


Flame-hardening of gears up to 10 ft. 
x dia. with latest electronically con- 
trolled equipment 


E. N. V. ENGINEERING COMPANY LTD 
HYTHE ROAD, WILLESDEN, N.W.10 
Telephone LADbroke 3622-3-4-5-6 





AP790 





Cut your finishing costs on 
DIE SINKING 

By using the 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, |00,000 r.p.m. for Stones 
gs” to }” dia. 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
}” to }” dia. 

BRIGGS MK. Il, 28,000 r.p.m. for Stones 
4" to |” dia. (deep reach) 

BRIGGS MK. V, 10,000 r.p.m. for Stones 
1}” to 2” dia. 

Literoture on request from Manufacturers 


BRIGGS BROS. (ENGINEERS) LTD. 
206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 
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and about the very latest designs 
of vertical air circulation furnaces 
in a new METALECTRIC leaflet 
In addition to the standard range, 
there is interesting information on 
the larger pit furnaces and their 
diverse applications 

May we send you a copy, 


and, if required, advice on your 





current heat treatment problem? 


VAC. 1 
10” dia., 10” deep. Rating —4kW 


SMETHWICK ENGLAND 


7 METALECTRIC METALECTRIC FURNACES LIMITED 
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FORCED-AIR FURNACES 
BY 


Simplified constructicn improves 
performance ard keeps cost down 








What's more, there is no sacrifice of quality. 
Construction is rugged; high grade materials 
are used throughout; control is fully autematic 
and the latest safety devices are incorrorated. 


—— e———_ +——_ +——— + + 


The centrifugal fans are large enough to cope 
with the densest loads, and temperature vari- 
ation is practically nil when work ng on 
control, 

Little maintenance is required. All working 
parts are easily accessible, and element replace- 
ment is quick and simple, no major dismant- 
+ ling being required. 

| These furnaces have a wide range of applica- 








tions, and will deal quickly and accurately 
with both dense and loose loads 





ELECTRIC VERTICAL 


Forced-Air Circulating Furnace 
+ Work container: 36" diameter 36" deep. 
Rating: 60 kW. Electric hoists and quench 
tanks are available as extras if required. 
Horizontal mogel also available 
. Full details of these furnaces and of our 
full range are readily available. Please 
write now. 


HEDIN LIMITED 


| INDUSTRIAL HEATING SPECIALISTS 





Commerce Estate, 8. Woodford, London, E.18 
Telephone: BUCkhurst 6601-3 
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ANNEALERS LTD 
PENISTONE RD SHEFFIELD.6. 
> ' , 











DIE SINKING 
CAPACITY 


Offered by Firm engaged solely on Die Sinking 
and Tool making for the Drop Forging and 
Allied Industries including Horizontal Forging 


DIES NORMALLY SUNK IN THE HARDENED 
AND TEMPERED CONDITION ON CUSTOMERS’ 
MATERIAL IF REQUIRED 


Any size blocks up to approx. /2 cwts. each 
DIES DESIGNED FOR ANY TYPE OF FORGING PLANT 


Fully Comprehensive Modern Plant enables us to offer 
quick deliveries combined with any limit of accuracy 


SAWBRIDGE & CO. 


27 TEMPLE BAR - WILLENHALL - STAFFS 
Telephone: Willenhall 258 
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FORGE, GALVANIZING & HEAT TREATMENT 
FURNACES, DRYING OVENS, ETC. 





UP TO 20% FUEL SAVING. 
SMOKELESS COMBUSTION. 
NO UNCONTROLLED AiR. 
MODERN EFFICIENT DESIGN. 


SIMPLE CONTROL, 
AUTOMATIC OR MANUAL. 


COMPLETE INSTALLATIONS. 
TECHNICAL & ADVISORY SERVICES. 





Oil-fired Bolt or Pin Forge Furnace 


CLEAN ATMOSPHERE. 


IMPROVED OPERATING 
CONDITIONS. 


LOWER RUNNING COSTS. 
REDUCED MAINTENANCE. 


LESS WASTAGE, 
AND INCREASED OUTPUT 


Oil-fired Slot Type Forge Furnaces 


DAVID ETCHELLS & SON LTD 


FURNACE DIVISION 
DARLASTON S. STAFFORDSHIRE 


TELEPHONE: JAMESBRIDGE 2067 
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ALLOY STEELS - too! 


OR many years it has been 

known that -40/50% Carbon Steel 
Gears will give an appreciably longer 
life when Flame Hardened—in fact 
four to five times the normal. 


“EWER people are aware that 

Alloy Steels—Nickel Chromium 
—En 23, En 24, En 110, etc., can be 
similarly treated—and pass the most 
stringent tests. 


Write us or ‘phone for full information 


FLAME HARDENERS LTD 


Shorter Works, Bailey Lane 
SHEFFIELD, | Telephone 21627 











ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, 5.W.19 
* 





Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 

. 


SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 


Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD 2291/2 


Al.D. D.LARM E.M.E & AR.B. Approved 




















COPPER BRAZING 


of 
Small Assemblies 


and 
BRIGHT ANNEALING 


Annealing and 
Stress Relieving, Normalizing, 
Cyanide Hardening 


LETCHWORTH HEAT TREATMENT 
& HARDENING CO. LTD. 
Icknield Way 
Letchworth, Herts. 
Telephone: Letchworth 964 

















THOMAS ANDREWS 


AND COMPANY LIMITEDSO 
High-Grade Steel Makers 


Ww ” ( HIGH SPEED STEELS 
MONARCH” {:istacits bee Sees 
( TOOL HOLDER BITS 
“HARDENITE CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 

“HELVE™ 


( CARBON TOOL STEEL for 
’ CHISELS, PUNCHES, &c. 











ROYOS WORKS AND 
HARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD 4 


Export Deperumen: 
THE HARDENITE STEEL COMPANY LIMITED 


Telephone 
Sheffield 22/3! 


Telegrams: 
Shalting, Sheffield. 4 
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power hammers WITH A DIFFERENCE 


All the hammers in this 
modern forge have been 
isolated by installing 
Mellopad anti-vibration 
material when the found- 
ation was laid, thus reduc- 
ing transmitted vibration 
to a minimum. 

Mellopad is recommended 
by leading hammer manu- 
facturers as suitable 
ancillary equipment for 
their machines, also for 
foundry jolters, drop stamps, 
etc., and for the isolation 
of most precision machines. 


Photograph by courtesy of 
\ Messrs. Thos. Firth & John Brown Ltd. 


—-((4))) —MELLOWES & CO. LTD. 


SHEFFIELD . LONDON ° OLDHAM 





METALLURGICAL INSTRUMENTS 
by Nash & Thompson 


1. B.N.F. Coating Thickness Meter 
2. Metallurgical Mounting Press 

3. B.N.F. Metal Sorter 

4. Electrolytic Polisher 






One or other of these four 
instruments will find an 
application in your Works 
or your Laboratory. For 
further information on these 





and other products in the 
N. & T. range, write to: 








Nash and Thompson LTD. Oakcroft Road, Chessington, Surrey. Elmbridge 5252 


WHG NT79 
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STAINLESS STEEL 
HEAT RESISTING 
CYANIDING POTS 


CASE HARDENING BOXES 
CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM erc 





HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M.0.S. approved inspection facilities installed 
Routine X-ray control 


Regd. Office 
BROADFIELD ARD., SHEFFIELD 8 
Telephones: 5243! 4 
Office and Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry : Aiziewood Road. Sheffield 
Machine Shops: Brocdfield Road, Sheffield 


sag London Office : Central House, 
Upper Woburn Place, W.C.! 
(EUSton 4086) 


Glasgow Office : 93 Hope Street, C.2 
(Central 8342/5 








A ohaton Teste Le 


june, 1959 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 
HIGH SPEED TOOL, DIE 
& SPECIAL ALLOY STEELS 
also STAINLESS STEEL ROAD 


LINES, STUDS & SIGNS 








Abbey Heat Treatments Led 72 
Acheson Colloids Ltd 
Alidays & Onions Led 


Eumuco (England) Ltd il 


Fel Electric Ltd 


Andrews, Thos., & Co. Ltd 32 Firth-Derihon Stampings Ltd 14 
Annealers Led. 30 Fiame Hardeners Ltd n 
Fuel Furnaces Ltd 
Birlec Ltd 
Birlec-Efco (Melting) Ltd Gandy Ltd 
Borax Consolidated Ltd 27 Gas Council 
Brayshaw Furnages & Tools Led General Electric Co. Ltd 
Briggs Bros. (Engineers) Ltd 28 General Refractories Ltd 
British Electrical Development Asso- Gibbons Brothers Ltd 
ciation Gibbons (Dudley) Ltd 
British Furnaces Ltd Granby, Paul, & Co 8 
Broadbent, Thos., & Sons Ltd G.W.B. Furnaces Ltd 17 


Burbidge, H., & Son Led 

Burdon Furnaces Ltd Hadfields Ltd 

Head Wrightson Machine Co. Led 

Calorizing Corporation of Great Hedin Ltd 30 
Britain Led. (The) Herbert, A., Ltd 

Cambridge Instrument Co. Ltd Honeywell Controls Led 

Coventry Machine Tool Works Ltd 


Cronite Foundry Co. itd. (The) LCL. Led 1&13 
incandescent Heat Co. Ltd. (The) 8 
Delapena & Son Ltd integra, Leeds & Northrup Led 
Dohm Led 
Doncaster, Daniel, & Sons Ltd johnson Foster, H., Ltd 4 
Dowson & Mason Ltd 
Kelvin & Hughes (industrial) Led 
Efco -Edwards Vacuum Metallurgy Kiveton Park Stee! and Wire Works 
Led itd 
Electric Furnace Co. Ltd 
Electric Resistance Furnace Co. Ltd 7 Lafarge Aluminous Cement Co. 
Electro Heat Treatments Ltd Led 5 
English Electric Co. Led Letchworth Heat Treatment and 
English Stee! Corporation Ltd 20 Hardening Co. Ltd 72 
E.N.V. Engineering Co. Ltd 28 
Etchells, D., & Son Led 31 Manchester Furnaces Ltd 
Ether Ltd. 6 Massey, B. & S., Led 2 





INDEX TO ADVERTISERS 


Mellowes & Co. Ltd 
Metailectric Furnaces Ltd 
Modern Furnaces & Stoves Ltd 
Mond Nickel Co. Ltd 

Morgan Refractories Ltd 
Morris, B. O., Led 


Nash & Thompson Ltd 
Newall, A. P.. & Co. Ltd 
Nitralloy Ltd 

Nu-Way Heating Plants Ltd 


Peart, E., & Co. (Electronics) Led 
Priest Furnaces Ltd 


Sawbridge & Co 

Selas Gas & Engineering Co. Ltd 
Shell-Mex & B.P. Led 
Siemens-Schuckert (G.B.) Led 
Sifam Electrical Instrument Co. Ltd 
Smethwick Drop Forgings Ltd 
Somers, Walter, Ltd 

Spear & jackson Co. Led 

Special Stee! Co. Ltd 

Stein, john G., & Co. Led 


Thermic Equipment & Engineering 
Co. Ltd 

Thompson, joseph, (Sheffield) Ltd 

Thompson L'Hospied & Co. Ltd 


Vacuum Industrial Applications Ltd 
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Wickman Led 
Wiggin & Co. Led 
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(Photograph by kind permission of the Austin Motor Co itd 


FURNACES 


A wide range of standard or tailor-made mechanised forge furnaces is available, Pusher 
Type - Rotary Hearth Type - Conveyorised Bar End Heating, with GGC scale-free heating 
system or fired by gas or oil. The photograph above illustrates a small Thermic Magazine 
Feed Pusher furnace fired by CC Burners. Output: 7-cwts. of small billets per hour. 


Thermic Equipment & Engineering Co. Ltd. 


(Subsidiery Compeny of Gibbons Bros. Limited, Dudiey) 
SALMON STREET, PRESTON ’ TELEPHONE : PRESTON 56254/5 TELEGRAMS : THERMIC-PRESTON 
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We specialise in die blocks; our 
modern die plant is designed ex- 
clusively for the production of die 
blocks of unvarying excellence. 





WALTER SOMERS LTD. HAYWOOD FORGE, HALES OWEN Ne BIRMINGHAM 


TELEPHONE ee OwewN 1185 
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